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Grainless Phosphor Screens for TV 
Tubes and a Light Amplifier 


A luminescent coating deposited as a grainless layer avoids the diffusely scattered 
light associated with a conventional powder phosphor in television tubes. Such 
transparent phosphor screens of zinc sulfide can be made by a vapor phase reac- 
tion as will be described. With a screen of this kind, higher resolution and contrast 


are possible. 
amplifying screens. 


A CONVENTIONAL cathode-ray tube 
screen consists of powder phosphor set- 
tled on a surface of glass or other ma- 
terial. It is made up of small crystalline 
grains which make irregular contact 
with each other, and with the surface on 
which they are deposited. For such a 
screen it is always true that a certain 
fraction of any light which is incident 
upon it, or is produced in it, will be scat- 
tered from particle to particle, giving rise 
to an undesired diffuse background il- 
lumination. This is illustrated in Fig. 1. 
If the phosphor is deposited as a uniform 
(grainless) layer instead of powder, as 
will be here described, the diffuse 
scattering is absent, and higher contrast 
and resolution are made possible in a 
cathode-ray tube picture. 

Superposed layers of this kind, with an 
appropriate activator in each layer, may 
have application in color television using 
a system in which penetration, and there- 
fore color, is controlled by the voltage of 
the cathode-ray beam. Continuous sheets 
of phosphor should give considerably 
better color separation than superposed 
layers of granular powder. 

Such a continuous layer phosphor 
screen also has advantages in applications 
which depend upon the response of a 
phosphor to an impressed electrical 
field, as in the case of the electrolumines- 
cent cell. Continuous, uniform thickness 
layers of material on which electrodes can 


Presented on October 6, 1955, at the Society's 
Convention at Lake Placid, N.Y., by Frank J. 
Studer, Light Production Studies, Research 
Laboratory, General Electric Co., Schenectady, 
N.Y. 

(This paper was received on February 25, 1956.) 


Phosphor layers produced in this way may also be used as light 


be deposited make possible uniform 
fields over large areas. It was with a cell 
made in this way that single layer light 
amplification has been observed in the 
sense that the visible output of the phos- 
phor with a d-c electrical field applied has 
more energy than is incident in the ultra- 
violet. With such a screen a low-in- 
tensity, projected image in the ultra- 
violet can be converted to a high-inten- 
sity image in the visible. 

There are many obvious applications 
for screens with this basic characteristic 
and their wide use awaits a further im- 
provement in the phosphor layer. 


Light Scattered From Cathode-Ray Spot 


It may be of interest to consider briefly 
the effects of scattering in the cathode-ray 
spot where a focussed electron beam is in- 
cident on a phosphor screen. There are 
three distinct cases (with, of course, inter- 
mediate situations): (a) settled powder 
with negligible optical contact between 
the powder and the glass; (b) transpar- 
ent phosphor layer with complete optical 
contact with the glass, outside surface 
smooth; and (c) grainless phosphor layer 
having complete optical contact with the 
glass, outside surface rough. The nature 
of the light pattern for these cases is in- 
dicated in Fig. 2. In (a) light is not only 
scattered and rescattered from particle 
to particle, but it is also reflected from 
the front of the glass face-plate back to 
the phosphor where it is diffused. This 
gives rise to a bright spot in the center of 
a much larger bright disk of low inten- 
sity. In (b) there is produced only the 
bright spot just the size of the incident 
electron beam. In (c) the light which is 
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reflected from the front of the glass is 
scattered by the rough surface of the 
phosphor. This reflected light reaches a 
maximum at the critical angle so that a 
bright ring is formed having a sharp in- 
side edge with the intensity decreasing 
gradually toward the outside. The ad- 
vantage of the nonscattering screen (b) 
in cases where high resolution and detail 
contrast are required is appdrent from 
these considerations. 


Method of Producing Grainless 
Phosphor Screens 


The obvious way to put down a clear 
continuous layer of the inorganic ma- 
terials of which phosphors are generally 
constituted, is to evaporate them in a 
vacuum chamber. Zinc sulfide in par- 
ticular, which is commonly used for 
cathode-ray tube evaporates 
readily from a tungsten boat and con- 
denses as a very clear coating on glass. 
However, up to the present, no method 
has been found for carrying out the proc- 


screens, 


00M LIGHT 
(TYPICAL BEAM) 


Fig. 1. Light scattering from powder phos- 
phor screen. 


197 


\ 
i 
| 
= 
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ess without loss of most or all of the ac- 
tivator centers which give rise to lumines- 
cence. 

The method developed at the General 
Electric Research Laboratory for making 
phosphor layers depends upon the reac- 
tion of the components in the vapor 
phase, at a heated surface, to form a glassy 
laver.' Thus the activator is incorporated 
as the phosphor is formed. For zinc 
sulfide the basic process is to bring to- 
gether, at the surface to be coated, an at- 
mosphere of hydrogen sulfide and_ the 
vapors of zinc or zinc salts, along with 
those of an appropriate activator. 

The glass plate to be coated is sup- 
ported in a quartz container which can 
be maintained at a temperature of 400 C 
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Fig. 4. Method of sealing completed 
screen to cathode-ray tube. 
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CLEAR SCREEN 
SCATTERING SURFACE 


Fig. 2. Light pattern from cathode-ray spot on different types of phosphor screens. 


to 700 C. The basic 
shown in Fig. 3. The container is first 
evacuated, then H.S is allowed to flow 
through at a low pressure. The compo- 
nents to be vaporized are introduced as a 
mixed powder. This is dropped a little 
at a time into the heated chamber, so that 
on the average the several vapor com- 
ponents will be continuously present in 
the same proportion. A typical powder 
mixture for making a screen of man- 


arrangement is 


ganese-activated zinc sulfide is as fol- 
lows: 25 g zinc powder, 12.5 g zinc 
chloride and 0.38 g@ manganese chlo- 
ride. 

For a given rate of introducing the 
powder, the thickness of the layer in- 
creases with the amount of material used. 
Under proper conditions the first de- 
posit appears perfectly clear and smooth. 
As the thickness increases beyond the 
neighborhood of § uw. the coating tends 
to develop a rough surface. This rough- 
ness increases with thickness and causes 
appreciable light scattering. 
this is largely a surface effect, so that 
when the surface is polished with a fine 


However, 


RELATIVE ENERGY 


Fig. 5. Spectral di-- 
tribution of lumines- 
cence for ZnS: As,P, 
made under different 
conditions. 
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Fig. 3. Arrangement for making grain- 
less ZnS phosphor screens by vapor 
reaction method. 


abrasive, transparency is generally re- 
stored in coatings as thick as 20 yw. 

The layer of zine sulfide produced in 
this way is very durable and so firmly 
bonded to the glass that it can be put 
through the same polishing operations 
as the glass itself. The screens will stand 
temperatures as high as 600 C in a dry 
atmosphere with essentially no damage. 
This suggests the possibility of making 
television tubes by sealing on a com- 
pleted screen, rather than having to pro- 
duce the screen inside the tube. Five- 
inch and 8-in. tubes have been success- 
fully made in this way. The arrangement 
for doing this is shown in Fig. 4. 

Activators in ZnS deposits made by 
vapor phase reaction that have been 
found to give relatively high response 
under cathode-ray excitation are man- 
ganese, copper, arsenic and phosphorus. 
Self-activated ZnS coatings can also be 


“$00 700 
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made in this way. The emission spec- 
trum in each case is in general the same 
as for corresponding powder phosphors. 

For television viewing, of course, a 
white screen is required. The most satis- 
factory which have been produced have 
been made by using both arsenic and 
phosphorus as activators. The spectral 
emission obtained from coatings made 
under different conditions of tempera- 
ture and H,S pressure are shown in Fig. 
5, and in it is indicated the most satis- 
factory appearing white. The spectral 
distribution is markedly different from 
the conventional white screen, but the 
color coordinates are reasonably close to 
the accepted color box for TV tubes. 

In general, vapor reaction screens 
which we have been able to make are not 
as bright as powders of the same com- 
ponents fired at high temperatures. 
The best white emitting screens give in 
the neighborhood of 20-ft-L 
brightness for 1 ywa/sq cm at 15 kv. 
Brightness voltage 
white emitting transparent screens are 


screen 


curves of typical 


shown in Fig. 6. 


Electric Fields Applied to Solid 
Phosphor Layers Amplification 
of Incident Radiation 


Layers of the phosphor ZnS : Mn 
produced by the vapor reaction method 
may be made to exhibit electrolumines- 
cence in alternating electric fields.? If the 
glass upon which the deposition is to 
be made has an initial transparent coat- 
ing of TiOs, this coating becomes elec- 
trically conducting as the zinc sulfide 
forms on it. Thus an electroluminescent 
cell can be made by evaporating or 
painting an electrode on the surface of 
the zinc sulfide. A cross section of such a 
cell is shown in Fig. 7. 

It was while experimenting with a cell 
of this type, in which the phosphor layer 
consisted of ZnS : Mn,Cl, that D. A. 
Cusano’ of this laboratory first observed 
the enhancement of luminescence by an 
applied d-c field, and in fact. demon- 
strated the amplification of incident 
radiation by such a field.‘ 

If in the process of making a man- 
ganese activated ZnS coating by the 
vapor reaction process, ZnCl. is used 
along with zinc, the Mn and Cl become 
coactivators, with the result that the 
screen responds to near ultraviolet as well 
as cathode rays. With a cell then, made 
as shown in Fig. 7, when ultraviolet 
(e.g. 3650 A) is incident through the 
glass and the TiOs film, a yellow orange 
photoluminescence results. If now a d-c 
field is turned on (50 to 100 v for a film 
10 uw thick, TiO, positive), the brightness 
is greatly increased (Fig. 8). 

In a typical case, for low-intensity 
ultraviolet excitation (1 to 2 yuw/sq 
cm), the amount of energy radiated in 
the visible, while the field is on, is 6 to 8 
times as great as that in the incident ul- 
traviolet. This amplification decreases 


Studer: 
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Fig. 6. Brightness voltage 
relation for typical ZnS: 
As,P, screens. 
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Fig. 7. Amplifying cell, 
cross section. 
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in general, as the ultraviolet intensity be- 
comes higher, the rate of decrease vary- 
ing somewhat from sample to sample. In 
spite of this fact, such a screen can be 
used to produce from a projected ultra- 
violet image (Fig. 8) a visible image 
radiating more actual energy, area for 
area, than is incident on it while reason- 
able contrast is maintained. 

These screens demonstrate the possi- 
bility of amplification of radiation in a 
single solid layer. As their characteristics 


are improved they will doubtless have 
many applications. The possibility of 
intensifying a low-energy image would 
simplify projection systems, reducing the 
required projection lamp wattage as 
well as permitting the use of simpler pro- 
jection lenses of small aperture. 

In a television system the circuitry 
could be greatly simplified if a low bright- 
ness image were sufficient on the picture 
tube. Since the electron beam then would 
have only to carry the picture informa- 


Fig. 8. Demonstration of enhancement of luminescence by an applied d-c field, with 
an ultraviolet image of TV test pattern projected on screen. 
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voltage could be 
much simaller than when the beam has 


tion, the accelerating 


also to produce a bright picture. The 
brightness could be brought to the re- 
quired level by an amplifying screen 
which received a projected image, or 
which indeed was in contact with the 
phosphor on which the original image 


was produced. 


The obvious way to use such a screen 
would be to let it directly replace the 
powder phosphor of the picture tube. 
For the films so far studied, however, the 
response of the cathodoluminescence to 
an applied field is very small compared 
with ultraviolet-excited 


cence. 


lumines- 


A screen of this type also lends itself to 
application in the field of X rays, where 
increased screen brightness with lower 
X-ray dosage is continually being sought. 
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Discussion 


inon.: Does this have any persistance? If you 
change or move the image on the surface does the 
radiation from the source change accordingly? 

Dr. Studer: These particular films do have con- 
siderable persistence the magnitude of which 
varies somewhat with the conditions under which 
they are made. If I set the voltage at 90 and 
switch it on and off you will see that it takes a 
noticeable time for the brightness to reach a 
maximum and then to decay. If however I have 
an initial voltage of 30, say, which causes very 
little enhancement, and then switch on an addi- 


tional 60 volts, the brightness build-up and decay 
are much shorter. 

Anon.: In other light amplifiers that we've seen, 
where it was from visual luminosity to visual out- 
put, you move the picture as you might in a 
movie and it would not move that rapidly on a 
screen. This doesn’t have that limitation? In 
other words if you just moved the projector would 
the image move along with it? 

Dr. Studer: With this screen as you can see 
when I move the projector there is appreciable 
persistence of the picture after the projected 
image is moved. 

Anon.: Does it look fundamental in the function 
of the thing or is it something that can be cor- 
rected? 

Dr. Studer: Since it has been found that the per- 
sistance of the phosphor layer varies with the 
conditions of preparation, there is hope that the 
decay time can be reduced to a satisfactory value. 
At present, however, the factors which are re- 
sponsible for the persistence are by no means 
clearly understood. 

Harold Schroeder, Jr. (Bausch @ Lomb Optical 
Co.): What pressures do you have at the time you 
are depositing the zinc sulfide layer? 

Dr. Studer: This may vary over a considerable 
range. We have made most of our deposits be- 
tween 200 and 2000 microns pressure of H,S. 
As I pointed out in connection with the slide 
showing spectra, the resulting spectral distribu- 
tion depends somewhat on the pressure at which 
the coating was made. 

Mr. Schroeder: In a range of from 200 to 2,000 
microns, what is the rate of deposition? 

Dr. Studer: That depends on the rate at which 
the materials are dropped in. The reason for 
dropping the materials as powders is to avoid the 
formation of surface layers on the evaporating 
material which would prevent the different com- 
ponents from coming out at the same time. By 
continually dropping small amounts of powder, 
the atmosphere at the plate where the coating is 
deposited is kept fairly consistently constant. It 
takes about ten minutes to make one of these coat- 
ings in our experimental setup. 

Mauro Zambuto (Transound Inc.): Again on the 
question of the inertia of this layer to respond to 
electrical stimuli, did you say that above a certain 
threshold voltage the response of the layer is quite 
prompt? 

Dr. Studer: This is true. 
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Dr. Zambuto: Did you make any measurement 
as to its speed? What I have in mind is an elec- 
trooptical light modulator. If the inertia to elec- 
trical stimuli is low enough, this device could 
modulate light over the audio range of frequen- 
cies. This could be used in motion-picture sound 
recording. 

Dr. Studer: We have so far made only pre- 
liminary investigations bearing on this. The 
samples we have looked at would not be promis- 
ing for this application. But here again we know 
that the time constant changes with different 
samples and it is to be hoped that when the cause 
for this is understood it will be possible to bring 
the decay time where we would like to have 
it. 

Dr. Zambuto: You spoke of definition versus 
graininess of the zinc sulfide layer. How does the 
definition obtainable on this screen compare with 
the definition of the television image? 

Dr. Studer: My impression is that the quality of 
of the television picture we get is not good enough 
to show up the potentialities of the transparent 
screen. They do promise to be useful in certain 
special applications. 

I brought along one of our tubes for you to ex- 
amine although I am not set up to put a picture 
on it. You will see that the face has the appear- 
ance of a mirror. This results from evaporating 
aluminum directly on the vapor reaction de- 
posit of zinc sulfide. The annoying specular re- 
flection is completely stopped by an anti-reflec- 
tion polarizing filter, so that the blacks are really 
black even in a well lighted room. This is in con- 
trast with a powder screen for which the anti-re- 
flection filter would not work well, because of the 
degradation of polarization on reflection from the 
powder. Of course, the anti-reflection filter does 
reduce the light from the screen. 

D. Lisle Conway (General Electric Co.): In using 
visual excitation, will the phosphor screen react to 
cathode-ray bombardment? Can you increase the 
light output by use of an electron gun? 

Dr. Studer: The phosphor layers we have tried 
do not show nearly as great a response to an elec- 
tric field when excited by cathode rays as when 
excited by ultraviolet. The behavior under cath- 
ode rays when a field is applied is not simple. 

Mr. Conway: Is the rate of response fast enough 
to follow the trace of an electron gun such as thar 
applied in the flying-spot scanner tube? 

Dr. Studer: Vm sure not for any of the typical 
samples we have studied. 
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Colorimetry, Film Requirements 


and Masking Techniques 


Increasing use of film for color telecasting has emphasized the need for a more 


for Color Television 


critical view of the capabilities of both the film and the TV system, and for a greater 


understanding of the colorimetric behavior of the combination. 


Film and TV 


picture requirements are considered introductory to the principles of improved 


masking techniques. 


Cian television, even at this early 
stage of its commercial life, has already 
demonstrated that pictures of excellent 
quality can be obtained from color film. 
It is very probable that more and more 
programs and commercials will use color 
film in the future. The trend may well 
parallel a pattern which has been estab- 
lished in monochrome television where a 
substantial number of top-rating net- 
work programs originate on 35mm film. 

However, the broadcaster needs assur- 
ance that excellent reproduction quality 
can be obtained in color television from 
film consistently and predictably under 
controlled production conditions. Only 
then does he dare to trust color film to 
carry any appreciable portion of his 
color broadcasting schedules. It may, 
therefore, be rewarding to take a critical 
view of the capabilities of color film and 
the color television system. The impor- 
tant factors governing the combined 
performance can be outlined to assist 
in obtaining high and constant standards 
of color picture quality. Detailed analysis 
of the various elements influencing 
system behavior has received the atten- 
tion of many investigators." 


Basic Film Requirements 

We can tabulate the main factors 
which should be under control as a 
background for our primary purpose, 
the discussion of the colorimetric be- 
havior of color film and the color tele- 
vision system working together. 


(1) Contrast range on the print should 
be restricted to a maximum of 20: 1in 
terms of diffuse densities by careful con- 
trol of lighting, composition, reflectance 
and processing; outdoor shots should be 
carefully planned to avoid the usually 
encountered high range in final prints. 

(2) Wide and sudden shifts in film 
density should be avoided 


possible. 


wherever 


Presented on October 6, 1955, at the Society’s 
Convention at Lake Placid, N.Y., by H. N. 
Kozanowski (who read the paper) and S. L. 
Bendell, Bldg. 10-3, Commercial Electronic 
Products, Radio Corp. of America, Camden 2, 
N.J. 


(This paper was received on February 21, 1956.) 


(3) The color content should be 
planned carefully so as to avoid small 
and busy detail which would be lost in 
normal television viewing. Reflectance 
of high chroma areas should be as high 
as possible. 

(4) Color should be as highly saturated 
as the mood to be portrayed will permit. 

(5) Skin tones should look lifelike and 
pleasing on direct projection. 

(6) Processing quality should be high 
and uniform within and between prints, 
especially in a sequence. 

(7) Monitoring of color television 
should be done at standardized color 
temperature conditions so that consistent 
results will be obtained from all stations 
in a given area. This color temperature 
is indicative of what the home viewer 
can see on a properly adjusted and 
balanced receiver. 


Color film prepared in accordance 
with these “Rules of Good Practice” 
may be described as “technically ade- 
quate.”’ The use of such lukewarm praise 
can be appreciated by those who are 
directly involved in creating high-quality 
color entertainment utilizing the full 
capabilities of color film and color tele- 
vision techniques. 


Basic Requirements for a Color TV 
Picture as Seen on a Color Display 


It has been observed that the present- 
day television viewer expects to see color 
and plenty of it in the picture. We can 
assume that such color exists in the print. 
Experience appears to indicate that in 
television presentation an increase in 
the color saturation beyond what is on 
the print appears desirable. Techniques 
such as electronic masking have been 
developed as a means of increasing the 
saturation of color television pictures. 
At this time it is of no great concern 
whether masking is introduced to cancel 
dye crosstalk in film or for other technical 
reasons. It also becomes readily apparent 
that masking must be used with dis- 
cretion if we are to produce better and 
not merely gaudier color pictures. 

We come now to an observation which 
is becoming practically universal in the 
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color television fraternity. Skin tones are 
of primary importance. The ability to 
reproduce skin tones pleasingly is one of 
the most important requirements of a 
color television system. 

Even though one is at first driven 
away from any index of quality based 
on such a vague and subjective evalua- 
tion as “pleasing skin tones,” it is 
encouraging to note that competent 
operators using standardized color moni- 
tors can bracket “‘pleasing skin tones” 
very closely without being able to define 
the criterion explicitly. The techniques 
are probably adequate to assure highly 
acceptable quality for the lay viewer. 


Masking as a Tool for Picture Improve- 
ment 

In any masking approach to increasing 
color picture saturation one finds that 
an increase in saturation will, in general, 
affect skin tone rendition. Thus, any 
print in which skin tones are too red, 
green, blue or another hue on even 
mildly critical direct viewing will go 
much more in the same direction with 
electronic masking. The problem then is 
to determine whether practical methods 
are available to provide controllable 
increase in color saturation and also to 
make possible the correction of skin tones. 

There are several approaches which 
have been explored with varying degrees 
of success. They can be divided into 
processing the three simultaneous red, 
green and blue signals or the variation 
of subcarrier amplitude and phase in 
the colorplexed or encoded signal. 

It is only fair to point out that bad 
color film stays bad after any of these 
treatments and that the technique is 
essentially a vernier to improve good 
film. Subjective direct-projection viewing 
of the film serves as an index of probable 
quality to be obtained through a tele- 
vision system. 

There are three general cases in which 
it would be advantageous to operate on 
the video signals. 


(1) The color film saturation is high 
or adequate, but the skin tones are off 
slightly. Here, one would like to main- 
tain saturation but correct skin tones 
only. 

(2) Film saturation is low, and mask- 
ing, used to improve it, may cause skin 
tones to depart from pleasing values. At 
lower saturations this departure may be 
small, but is emphasized if any large de- 
gree of masking is used. 
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(3) In a commercial or an abstract 
without any skin tones to serve as an 
index, it may be desirable to “paint” the 
picture in glowing colors. 

Skin tone departures from the ideal 
may be constant throughout a reel or a 
print, or may vary from scene to scene 
depending on lighting, and on scene 
content. These possibilities have great 
influence on the operational requirements 
of any proposed correction device. 


Early Approaches to Masking 


In May 1955 we demonstrated at the 
NARTB Washington Convention a mask- 
ing amplifier which had been developed 
as an extension of earlier work at RCA 
and NBC. It followed standard cross- 
matrixing theory and circuit develop- 
ments, contained automatic white bal- 
ance circuitry and provided calibrated 
dials on which any required masking co- 
efficients, both positive and negative, 
could be set up directly as indicated by 
Ansco, Technicolor or 
other film requirements. This model also 


the Eastman, 


contained preliminary circuits for hue 
control following the general approach 
outlined by Brewer, Ladd and Pinney 
before the Institute of Radio Engineers 
in March 1955. Our advanced develop- 
ment model also contained a single-knob 
control which varied the saturation of all 
components simultaneously from the “‘no 
masking value” to a preset maximum. 
Demonstrations at NARTB were given 
to a large number of broadcasters to ob- 
tain their reactions to the possible useful- 
ness of such a device if it were made avail- 
able commercially. The reaction was that 
the single-knob feature was a worthwhile 
step in providing an easy way of intro- 
ducing masking according to a_pre- 
selected correction pattern. The degree 


of masking, which various operators 
introduced for similar slides, was close 


enough to provide duplicable results. 
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Fig. 1. Front view, showing operating controls, of Masking Amplifier (MI-40525). 


Improvements in Masking Amplifier 


Techniques 

In the opinion of more experienced and 
critical viewers the single-knob control, 
while ideal from the simplicity standpoint, 
might be too rigid operationally. They 
observed that it does not offer the possi- 
bility of skin-tone correction without 
varying the six preselected calibrated 
masking control knobs. While such varia- 
tion is possible in principle and even in 
practice where complexity of procedure 
and time required is unimportant, we 
were driven from this consideration by 
the fact that it is possible to get thor- 
oughly “‘lost’’ in the maze of masking 
combinations without developing any 
systematic or logical approach to the 
problem of skin-tone correction. 
mentioned, the 
circuits 


As was previously 
masker included 
for hue controls as proposed in a paper' 
by Eastman Kodak Co. These “Brewer, 
Ladd and Pinney” hue control knobs 
were hidden in the equipment and were 
not publicly demonstrated. However, 
Messrs. Brewer, Ladd and Veal spent 
some time with us discussing the opera- 
tion of the hue controls and resolved some 
apparent discrepancies between theory 
and observation. This resulted in further 
circuit modifications and refinements and 
brought out the need for additional field 
testing. 

The masker is shown in Figs. 1 and 2. 

Figure 1, the front panel, shows the six 
independent coefficient control knobs 
(Ay, As). ete.) located in the recessed 
well. These are controls that would 
be set up to give best results with the 
widest extremes of film to be handled. 
As such, they are not operating controls 
and are generally under cover. The three 
hue controls add or subtract to the 
coefficient values set up by the recessed 
“A” knobs. These are operating controls 
and are used to effect slight modifications 
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of skin tones or other hues. All three hue 
controls are rendered inoperative by 
turning off the Hue Preset switch. This 
enables the operator to set up the three 
hue knobs to predetermined values with- 
out affecting the ‘“‘on-the-air” picture. 
The master masking knob functions as an 
overall saturation control. It sets up a 
multiplying factor ranging from 0 to 1 by 
which all coefficients (set up by any com- 
bination of ‘*A”’ knobs and Hue knobs) are 
multiplied. Complete counter-rotation of 
this control removes all masking. 

The Mono-Color switch serves as a 
checking means to insure that the unit is 
maintaining exact white balance under 
all conditions of masking. By simply feed- 
ing the green signal to all channels of the 
masking amplifier one simulates a mono- 
chrome signal. 

The chassis view of the masker is shown 
in Fig. 2. The three output stages are 
feedback pairs, and together with cur- 
rent stabilization techniques assure stable 
operation and constant white balance. 

Our laboratory have 
shown that at this stage of development 
the new masker has the required flexi- 
bility to enable an operator to make 
worthwhile corrections in skin tone as 


observations 


well as to increase color saturation. 


Conclusions 


Demonstrations to network engineer- 
ing representatives using slides and film 
were made. Again the general potential- 
ities were verified, but there were some 
misgivings expressed regarding the ability 
of operators to acquire the necessary 
intuition or judgment as to which Hue 
knob to turn in order to correct a specific 
skin-tone error. 

Recent extensive telecasting of color 
film using this masker for both increased 
saturation and color correction has given 
us more optimism regarding the ability 
to acquire a straightforward operating 
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Fig. 2. Top view of chassis, showing tubes and circuit arrangements, of the Masking Amplifier. 


*S, §=6lpereRENTIAL (* Fig. 3. Basic functional relationships in the Masking Amplifier. Note that (1) arrows 


AMPLIFIERS over potentiometers indicate direction arm travels when control is turned clockwise; 
+s and (2) all H controls with similar subscripts are ganged to same control shaft. 
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technique. Reports are that a creditable 
job can be done on correcting film under 
“On-Air” conditions. 

It is still a bit too early to say whether 
this masker and skin-tone correction 
approach presents a long-term solution 
to the problem of improving color film 
reproduction. Additional operational ex- 
perience will certainly yield the required 
evaluation. 
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APPENDIX 
The general masking equations as 
normally written are: 


— a33) Ry + Gy + ays By 
(1) 


Go = ay +1 — a23) Gy + ary B, 
(2) 


Ry = (1 — aj 


Bo = ax, Ry + axe Gy + (1 — aay — aye) By 
(3) 


where G,, By represent the three 
gamma-corrected camera signals before 
masking, and Ro, Go, and By are the mask- 
ing amplifier output signals, matrixed 
and suitable for insertion into a color- 
plexer or encoder. 

These equations contain six independ- 
ent masking coefficients and satisfy the 
requirements for maintaining white 
balance. 

As suggested by Brewer, Ladd and 
Pinney, hue shifts may be accomplished 
by the simultaneous changing of two of 
the appropriate coefficients according to 
the following table: 

Colors Affected Coefficients to Be Changed 


Colors lying Increase a2; — decrease a3; 
on red-cyan or 


axis Decrease a2; — increase a3; 
Colors lying Increase a}. — decrease a32 

on green-ma- or 

genta axis Decrease — increase 
Colors lying Increase ao; — decrease aj; 

on blue- or 

yellow axis Decrease ao; — increase aj; 


The details of this technique were 
presented in a paper by Brewer, Ladd 
and Pinney before the I.R.E. in March 


1955. 
Equations (1), (2) and (3) may be re- 
written as: 
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+ (G, — Ri) ay. + (Bi — Ri) ars 


(4) 
Go = G; + (Ri — G)) an + (B, — G,) aes 
(5) 
Bo = B, + (Ri — Bi) as + (Gi — Bi) ase 
(6) 


For convenience in constructing the 
masking unit and illustrating its com- 
pliance with the Eastman recommenda- 
tions: 

ax = + Hy 

a3, = — Hy, 

a3 = + Hy 
= a's; Hs 
ay = + He 


a32 = — G 


where the H’s are incremental additions 
to or subtractions from the associated 
a’s. 

To indicate the function of the ‘‘one- 
knob” overall saturation control, each 
coefficient (a)2, a2, etc.) is multiplied by 
a factor Sy which is always positive and 
ranges in value from 0 to 1.0. The final 
masking coefficients now become: 


an = (a's; + Hr) So 
a3; = (a's = Hy) So 
ai: = + Ha) So 
a3: = (a’x2 He) So 
+ Hy) So 
— Hy) S» 


ai3 = 

Q23 = 

Rewriting the entire masking equa- 
tions gives: 

Ry = R, + (G; — R:) (a’12 + He) So 

+ (B; — + Hp) So (7) 
Go = G, + (Ri — Gi) (a’" + Hp) So 

+ (B, — G,) (a’23 — Hy) So (8) 
Bo = B, + (Ri — B;) (a’'n — Hp) So 

+ (G, — B,) (a’sx2 — Hg) So (9) 

In the masking amplifier the “H” 
knobs are arranged to give zero incre- 
mental coefficient change at mid-position 
and may go positive or negative, depend- 
ing on direction of rotation. 

It is apparent that if the H’s are all 
set to mid-position or zero, and if the 
So is made to equal 1.0, the calibrated 
‘*4”’ knobs on the masker are direct read- 
ing and relate directly to the a’s in Eqs. 
(1), (2) and (3), and (4), (5) and (6). 
The masker is constructed so that if the 
So knob is turned up fully clockwise, So= 
1.0 and the “A” knobs are calibrated to 
read from —1.0 to +1.0, being zero at 
mid-position. 

Full counterclockwise rotation of the 
So knobs makes Sp=zero and effectively 
removes all masking, making Ro = Ai, 
Go = G, and Bo = B,. 
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A block functional diagram of the 
masker, Fig. 3, indicates how the various 
relationships are obtained. 


Discussion 


Thomas T. Goldsmith, Jr. (Du Mont Labora- 
tories): Do you notice any difference in the mask- 
ing advantages when you are operating on a 
signal originating through a flying-spot scanner 
or rather a linear photocell as compared with that 
of operating on signals from an image-orthicon or 
vidicon system? 

Dr. Kozanowski: Fundamentally the only dif- 
ference that we can notice in this respect, as- 
suming that the colorimetry has been picked ade- 
quately for both systems, is a matter of signal to 
noise. I think from that point of view we are 
reasonably lucky in being able to get high signal- 
to-noise ratio out of the vidicon without trying to 
work too hard for the privilege. From that point 
of view, one has more latitude in masking and 
gamma correction without being hemmed in by 
the other requirements. 

Dr. Goldsmith: Particularly, is there any dif- 
ference in the linearity between those two 
methods that influences the success of the mask- 
ing technique? 

Dr. Kozanowski: 1 don’t think there is funda- 
mentally. There may be small discrepancies 
which we have not been too aware of, have sus- 
pected there might be troubles, but accurate 
check of gray-scale behavior over the full lumi- 
nance range indicated that the things track pretty 
well from the standpoint of gamma. We do add 
additional gamma to the vidicon characteristics, 
0.65 for the vidicon itself and an additional 0.7 on 
top of that as circuit gamma. 

Mauro Zambuto (Transound Inc.): Did you ex- 
periment with different types of color film? If so, 
did you notice any consistent difference in the 
type or amount of masking necessary for each 
different type of color? 

Dr. Kozanowski: You have a freedom of choice 
for the filters that go into the three vidicons. 
Once having selected the filters one can go from 
there into the electronic masking techniques. 
If you use narrow trimming filters you can get the 
appearance of very, very high saturation. But if 
you have unusually high saturation to begin with, 
then you have the problem of things being over- 
done. In the case of using narrower than idealized 
filters you are apt to run into the problem of 
what you are going to do with this enhanced ap- 
pearance of the picture. In the case of an elec- 
tronic masker it is very simple to control degree 
or turn it out altogether as the situation re- 
quires. 

Charles E. Dean (Hazeltine Corp.): In any of 
these masking operations you have a condition 
where you take a linear combination, and you 
get what you want at the output but you also get 
all the noise. For example, you may want to get 
less signal output than two inputs would add up 
to, but you get the sum of the noise from these in- 
puts. Have you encountered any limitation due to 
this kind of difficulty? 

Dr. Kozanowski: To a certain extent that is 
strictly true. But if you start out with a very good 
signal-to-noise ratio you have lots of room in 
which to meander around. Ideally, if you set 300 
to 1 without aperture correction depending on 
the input amplifier characteristics and with aper- 
ture correction 100 to 1, which you do not need in 
red and blue, the system is very tolerant of what 
you do masking wise. 
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Exposure Determination Methods for 


Color Printing: The Concept of 


The major work in the field of printing exposure determination is reviewed, and a 


Optimum Correction Level 


bibliography is included. A new concept in the use of integrated transmittance in 
automatically determining printing exposures for color materials is discussed. 
This method entails the use of an optimum correction level for any given negative 
or transparency population. This correction level is a compromise between the 
incompatible correction requirements of various segments of the population. 


Piivniniss many: of the methods for 
determining printing exposure were 
formulated relatively early in the history 
of photography, it has been only within 
recent years that many of the basic 
problems have been studied. There has 
often been much controversy regarding 
the relative adequacy of various criteria 
for determining exposures and many of 
the terms used have suffered from differ- 
ing interpretations. While it is not the 
intention of the authors to present a 
definitive discussion of the subject, it 
does seem warranted to re-examine some 
of the basic considerations involved in 
the determination of printing exposures 
before proceeding to examine one of the 
newer approaches to the problem. 

There are many sources of variation in 
the printing characteristics of color 
negatives or transparencies. Some of this 
variability is within the control of the 
photographer. The rest is introduced by 
conditions of manufacture, storage and 
processing which occur before and after 
he obtains and exposes the film stock. 
Regardless of the source of variability, 
a printing system that handles color 
materials should eliminate or minimize 
the resultant effects on the quality of 
color prints which it produces. 

In order to produce color prints of 
salable quality, then, a color printer must 
provide compensation for color and 
density variations between individual 
negatives or scenes. This requires some 
means of varying both the level of print- 
ing exposure and its spectral quality. 
Adjustment of these exposure parameters 
is referred to as “‘exposure control.’’ The 
level of exposure may be adjusted by 
varying either the printing time or 
printing intensity, or both. Printing in- 
tensity variations are used in motion- 
picture work for convenience. The 
spectral quality of the exposure may be 
adjusted by the use of color compensating 
filters to alter the quality of a ‘“‘white 


A contribution from the Color Technology Divi- 
sion, Eastman Kodak Co., Kodak Park, Roches- 
ter 4, N.Y. 


(This paper was received on January 31, 1956.) 


light” source or by separately controlled 
red, green and blue light exposures. 

The assignment of values to a partic- 
ular set of exposure parameters for a 
given negative or scene is referred to as 
“exposure determination.’ The devices 
for exposure control may vary from one 
printing system to another, but the basic 
principles of exposure determination are 
common to all. 

Many of these principles have long 
been established. Some are more recent 
modifications of methods for using long 
established criieria. All, however, are 
basically related in that they attempt to 
predict, either wholly or partially by 
objective methods, the most accurate or 
subjectively satisfying print. It seems 
appropriate, then, to review briefly the 
major contributions to the theory of 
printing exposure determination in order 
that any new concept might be placed in 
perspective with regard to the logical 
developments preceding it. 


Review of Previous Methods 

The determination of printing exposure 
originated in the early nineteenth century 
with the negative-positive concept of 
photography. Any system of arriving at 
an exposure sufficient to produce a 
print was entirely empirical and, because 
of the slow response of available mate- 
rials, interest was more in the results of 
printing rather than in the theory of 
predicting optimum printing exposures. 

The silver chloride paper with excess 
nitrate content required such prolonged 
exposure times at high light intensities 
that exposure could easily be determined 
by inspection during the printing process 
itself. Even with the advent of latent 
image development and _ improved 
chloride papers, exposure times were 
still excessively long. The introduction of 
silver bromide paper first indicated the 
possibility of automatic machines for pro- 
duction of photographic prints. 

About 1880, silver bromide paper was 
adopted in England for producing en- 
larged photographic prints, and four 
years later, in the United States, the 
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Eastman Dryplate and Film Company 
began producing the more sensitive 
paper on a large scale. Thus, large 
volume, automatic print production was 
made possible.! 

The first photographic printing device 
which apparently satisfied contemporary 
demands was constructed by a Viennese 
engineer named Schlotterhoss in 1883.? 
Since silver bromide paper was not pro- 
duced on a large scale in Germany until 
about 1894, this machine had to be used 
in conjunction with the slower chloride 
papers, thereby limiting the efficiency of 
the system. 

In 1894 Arthur Schwarz founded Die 
Neue Photographische Gesellschaft in 
Berlin, which produced a number of 
semiautomatic printers and further ex- 
tended their “rapid automatic’’ system 
by perfecting both developing and finish- 
ing machines.’ 

The exposure prediction methods of 
these printers, together with all the pre- 
ceding attempts to determine printing 
exposures, seem to have been entirely 
empirical and the only means of adjusting 
for differences in negative characteristics 
was to make and remake prints until an 
acceptable exposure had been found for a 
given negative. 

In 1902, however, Joseph Poliakoff 
patented a printing device with an 
accompanying method of objective ex- 
posure determination.’ He used the total 
transmittance of a negative for exposure 
prediction. The light transmitted by a 
negative was deflected by a mirror onto a 
piece of actinic paper which, in turn, re- 
flected light to a selenium cell. As the 
paper darkened, the cell current was re- 
duced and at a preselected current value 
a solenoid closed the shutter which had 
been opened upon initiation of the ex- 
posure cycle. Although crude in form, 
this disclosure outlined the basic con- 
cepts upon which the majority of later, 
automatic printing systems have been 
based. 

The Poliakoff patent was the first of a 
number of early patents that utilized 
information from the entire negative.® 
These systems were so 
arranged that, either by control of the 
intensity or adjustment of printing time, 
the exposure product at the print mate- 
rial surface remained constant. Although 
no reference was made to the relationship 
between monitor information and print- 
ing exposures selected, it is evident that a 
system of complete correction, based on 


subsequent 
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total integrated transmittance, was the 
first method used for determining expo- 
sures in automatic printing. 

The almost universal use of this single 
criterion did not go completely un- 
challenged, however. Before long, workers 
began examining it in relation to other 
possible methods for predicting optimum 
printing exposures. For example, a study 
of physical functions of negatives as 
exposure indices was made by F. Twyman 
and is outlined in a patent issued to 
him in 1933.° From his investigation he 
decided that the most useful information 
was still the total transmittance of a 
negative and that the printing reaction 
could best be described by an equation 
previously used by Dobson, Griffith and 
Harrison’ 

D» yp‘ logieo (1) 
where: 

D» total log,) opacity of the developed 

print stock 
the slope of the straight portion of 
the D-log E curve of the print stock 

I total printing intensity 

f printing time 


Schwarzchild’s constant 
inertia constant. 


Using this equation, it was considered 
possible to determine the printing con- 
ditions necessary for producing a desir- 
able print density on a given print mate- 
rial. The printing time (¢) could be ad- 
justed to satisfy the exposure element of 
the equation (J-¢) as determined by the 
amount of light transmitted by the entire 
negative. 

After a cursory examination in 1932° 
C. M. Tuttle made a rather extensive 
study of amateur pictorial negatives in 
1937.* He suggested three physical meas- 
urements of a negative which might be 
used alone or in combination with each 
“maximum 


other. These were the 


censity,”’ “minimum density” and “total 
density” of a negative. The total density 
was actually the negative logarithm of 
the integrated transmittance of an entire 
negative image area 

Prints were made according to deter- 
minations based on each of these criteria. 
These prints were compared to prints 
which had been produced by the ideal 
exposure (as determined by the “‘average 
amateur choice’’) and a correlation curve 
ideal 
density was determined by the method of 


between log F and measured 
least squares. Tuttle found that “the slope 
of the log E. total D curve is unity within 
the error of determination, which signifies 
that the required exposure is inversely 
proportional to the total negative trans- 
mission.”’ He also found that in exposure 
determination based on physical meas- 
ures, the method using total density pro- 
duced the best distribution of predicted 
exposures around the points of correct 
exposure. 

Later that same year Tuttle further 
clarified his approach by showing the 
mathematical representation of the 
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total D method.'” Printing exposure was 
defined by him as the product of exposure 
time and source flux incident on the 
negative during printing. (This is con- 
trary to the current notation of printing 
exposure as the product of the actual 
printing flux at the print material plane 
and the time of its incidence. However, it 
is evident from the equations listed by 
Puttle that his exposure term is applica- 
ble to either source flux or exposure time. ) 
He said, then, that if the total negative 
transmission is denoted by 7), or the 
logarithm of its reciprocal by D,, and the 
required “printing exposure” by the 
relationship could be written: 


(2) 


logiy Ey = Du + logy K (3) 


Thus, psychophysical and_ statistical 
support was given to the exposure deter- 
mination criterion outlined by Poliakoff. 
However, it has long been known that 
the overall quality of prints produced by 
such a system can be improved by em- 
pirically adjusting the exposure deter- 
mined on the basis of total transmittance 
in those cases where atypical scenes or 
negative involved. 
The Eastman Kodak Company has both 
used and recommended such empirical 
“classification” 
systems, in conjunction with printers 


characteristics are 


adjustment methods, or 


operating on the basis of this criterion 
for a number of years. In 1950 Varden 
and Krause! felt that the total density 
concept, or what might be more accu- 
rately referred to as the density value 
corresponding to the integrated trans- 
mittance of an entire negative (or trans- 
parency) image, was the most practical 
and useful information but that addi- 
tional information regarding the rela- 
tionship of the important subject area 
characteristics to the entire negative was 
needed. Both Varden" in 1946 and Rath” 
in 1948 have disclosed devices for cal- 
culating such classification factors based 
on the ratio of total transmittance to 
subject transmittance (or Dyuiject — Deotat)- 
It has also been found practical for skilled 
operators to estimate these factors with 
a high degree of accuracy. 

In spite of the simplicity by which 
total integrated transmittance informa- 
tion may be obtained in automatic print- 
ing devices, this has not been the only 
criterion to be extensively examined 
as a means for determining printing ex- 
Manual methods, especially, 
broke away from the exclusive use of 


pe sures. 


total transmittance or density informa 
tion. It is well known, for example, that 
motion-picture timing has been done 
for many years on an entirely empirical 
and subjective basis. Similarly, many 
of these other criteria resulting from var- 
ious studies have found practical applica- 
tion, often in automatic or semiauto- 
matic printing devices. 
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Probably the earliest thorough anal- 
ysis of the problem was made in 1922 
by E. Goldberg." He felt that print 
highlights were the most subjectively 
important portion of the reproduction 
and, therefore, the maximum image 
density of a negative should be used in 
determining printing exposures. Simi- 
larly, Nidetzky'® in 1943 suggested, in 
effect, that the maximum subject density 
of a negative should be used. He proposed 
that in determining camera exposure 
the lowest scene brightness should be used 
as the expcsure index since, presumably, 
it should produce the lowest density on 
the image curve. However, he admitted 
that, at times, this should be weighted 
by the ratio of minimum to maximum 
brightness. Recently, Moon and 
'® have proposed that every scene 
has a unique exposure requirement. 
This would imply that the exposure re- 
quirement for a given scene would exhibit 
some effect upon the choice of printing 


Spencer 


exposure. 

H. R. Dammond in 1942 and A. 
Simmon in 1948-50 described a movable 
photoelectric probe to measure image 
brightness, at the printing plane, of 
any portion of a negative image." 
Thus, direct measurement of printing 
flux for any area considered to be most 
subjectively important could be effected. 

Morse'® and Senger!® in 1942 both 
suggested the use of a mid-tone negative 
density from a standard gray object in- 
cluded in the original scene as the basis 
for printing exposure determination. 

In 1936, Szuboritis®® disclosed a scan- 
ning system which was used to determine 
maximum Exposure 
was based on this measurement. Scanning 
information has more recently been used 
in a printing system developed by D. R. 
Craig.*" In this device, a_ flying-spot 
scanning-raster is used for exposure by 


negative density. 


effecting pointwise printing flux normal- 
ization. Although complete, inverse feed- 
back is maintained by the printer servo, 
image information is retained since rela- 


tively large spot sizes are used. Thus, 
effective reproduction gamma is reduced 
while retaining the informational content 
of the reproduction. 

Tuttle, Cartwright and Eichler™ in 
1949 described a method of exposure 
determination “back- 
ground” density of a negative somewhat 
weighted by the subject density. This 
system allows complete correction for 
anomalous negatives. The method was 
specifically designed for printing “V- 
Mail” negatives; however, the inventors 
claim that it is not limited to this type of 
negative but may be used with pictorial 
negatives as well. A form of scanning was 
used in which the negatives, in the form 
of rolls, traveled across the monitor. The 
monitor was so situated that part of the 
subject (handwriting) as well as back- 
ground image passed across the monitor 
beam. Since the background of these 
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negatives represented maximum density 
and subject density was equal to mini- 
mum density, it is evident that this was 
an exposure determination method based 
on maximum density and adjusted by 
a “contrast” factor. A similar proposal 
was made by Balsey* in 1935 to monitor 
“a portion”? of a motion-picture sound 
record and adjust printing source in- 
tensity on this basis. 

In 1942 Jones and Nelson™ made a 
detailed study of approximately 200 
amateur pictorial negatives. In all but 
five cases these negatives were properly 
exposed and developed. There were, then, 
essentially no exposure or development 
errors represented in their investigation. 
They utilized a psychophysical, statistical 
approach to the problem of evaluating 
the physical aspects of these negatives as 
criteria for determining printing condi- 
tions. In this investigation, Jones and 
Nelson determined the best printing 
exposure and paper contrast for each 
negative by making a series of prints, 
differing in exposure and contrast, and 
asking a number of observers to select 
the most pleasing print. The logarithm 
of the preferred printing exposure func- 
tion for each negative was plotted against 
each of three respective density measures: 
(a) minimum density, (b) total density, 
(c) maximum density. A straight line, 
fitted to the plotted points by the method 
of least squares, was found to represent 
reasonably well, the optimum relation 
between each density measure and the 
logarithm of the preferred exposure. In 
each case the slope of that line was 
appreciably different from unity. It 
was noted, then, that the relation between 
correct printing exposure and each type 
of density measure was approximated best 
by an equation of the form, log E=6’+ 
a-D, where a is the slope and 6’ depends 
on the speed of the print material and 
certain printer characteristics. 

It was found that by averaging the 
data from all contrast grades, the mini- 
mum density equation had a correlation 
coefficient of 0.92, and a slope of 1.3. The 
best total density (corresponding to the 
integrated transmittance) equation had 
a correlation coefficient of 0.90 and a 
slope of 0.88. The use of maximum 
density gave a poorer result than either 
the minimum or the total density; the 
correlation coefficient was 0.82 and the 
slope of the best line was 0.74. From 
this it was concluded that the minimum 
density of a properly exposed and de- 
veloped black-and-white negative is the 
best criterion for the determination of 
correct printing exposure. It was further 
concluded that for the sake of simplicity 
a unity slope could be used in the printing 
equation, particularly where prints may 
be developed by inspection. 

In evaluating the preferred exposure 
data, Jones and Nelson found no system- 
atic exposure trends as a result of classify- 
ing the scenes into “distant,” ‘“semi- 
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distant’ and “‘close’’ categories or into 
“portrait” and “non-portrait” categories. 
From this they concluded that “the 
criterion of correct printing exposure is 
not a function of scene type (as defined 
by our system of classification), or, if it is 
related in some way to scene type, the 
present study, either because of experi- 
mental errors or lack of sufficient number 
of cases has failed to reveal the depend- 
ency.”’ It should be noted that Jones and 
Nelson were concerned with the printing 
of amateur pictorial negatives, a situa- 
tion in which the reproduction require- 
ments are different from those associated 
with motion-picture work. However, the 
reason for this conclusion probably lies in 
the method used to group the experi- 
mental negatives. Negatives were placed 
in groups that were homogeneous in one 
respect, but not necessarily homogeneous 
with regard to subject-to-entire-negative 
density relationship. Thus, in terms of 
primary interest areas, the groups may 
actually have been random and, there- 
fore, it would not be expected that any 
effect of subject (or scene type) upon the 
exposure determination method would 
necessarily show systematic trends. 


Methods for Color Printing 


All of these methods have dealt with 
the determination of exposure sufficient 
to produce a desired density level in the 
print material. In the case of color print- 
ing it would be necessary to include a 
separate step of color-balance determina- 
tion in order to produce the desired color 
as well as density level. The first methods 
of color-balance determination were 
empirical. The art of empirical color ad- 
justment reached a relatively high degree 
of efficiency, and in some cases rather 
elaborate equipment has been utilized 
to facilitate such determinations.?° Man- 
ual densitometry has been used to a large 
extent, but information in the field of 
automatic or semiautomatic color ex- 
posure determination is meager. 

The simultaneous determination of 
both spectral quality and level of ex- 
posure was first used in the field of 
graphic arts. In 1937 H. E. J. Neuge- 
bauer*® derived equations for correcting 
color and density in the production of 
halftone images. In 1948 Hardy” ex- 
tended the Neugebauer equations to 
four-color halftone printing and_pro- 
posed to scan a negative, simultaneously 
solving the three equations for each area 
of the scanning spot and exposing the 
separation negatives. By doing so, it was 
possible to determine the desired expo- 
sure for color and density together with 
any desirable exposure adjustments for 
small areas of the negative, thereby pro- 
viding effective masking of the negative 
to correct for deficiencies of the dyes or 
pigments used in the reproduction. 

There have been a number of pro- 
posals for this type of exposure determina- 
tion in the field of photomechanical re- 


production.** F, Preucil and others have 
listed and described the historically im- 
portant and contemporary methods of 
facsimile reproduction.”® 

There have also been a number of 
disclosures relating to color exposure 
determination in the field of general 
color photography. In 1942, for example, 
Senger*® described a densitometry device 
that could be used for determining equiv- 
alent neutral densities or, presumably, 
to effect density comparisons. The red, 
green and blue information was trans- 
duced to a group of lines on the screen of 
a cathode-ray tube that could be com- 
pared to reference lines on the screen. 
In this way, it would be possible to deter- 
mine the variation from ideal or normal 
density for each color. In 1951 Varden* 
disclosed a somewhat similar device in 
which a sensitometrically exposed area 
was measured by a photomultiplier tube. 
Between the monitor tube and the sample 
there was a revolving wheel containing 
red, green and blue sectors. The move- 
ment of this wheel was synchronized with 
the scanning field of a cathode-ray tube 
such that a neutral (or ideal) density 
produced an even horizontal trace. An 
increase or decrease in the density of 
any one primary color caused a_ peak 
or depression in the corresponding area 
of the screen. By inserting colored filters 
in the sampling beam it was_ possi- 
ble to alter the signal until the entire 
scanning line was again horizontal. The 
filter values which caused the scan to 
appear level were used in subtractive 
printing to obtain proper color balance. 

This device would be capable of in- 
dicating film variability due to processing 
or some improper storage effects. How- 
ever, since the area to be measured was 
sensitometrically exposed in the process- 
ing laboratory, it would not necessarily 
be related to scene type or exposure de- 
fects such as improper spectral quality 
of the exposing illuminant. 

R. M. Evans™ has shown that it is possi- 
ble to determine the color and level of 
exposure simultaneously by merely meas- 
uring the red, green and blue integrated 
transmittance of an entire negative. 
Thus, red exposure is a function of the 
red transmittance characteristics of the 
negative, green exposure depends only 
upon the total green transmittance, and 
so on for the blue. This system is based on 
the assumption that the negative records 
of most scenes will integrate to gray or 
some other hue near gray. 

The integrated transmittance measure 
is biased toward the minimum density 
region of the record. The magnitude of 
this bias depends upon the nature of the 
negative and the scene recorded on it. 
The effect of improper exposure, varia- 
tion in illuminant quality, improper 
storage and any processing variations on 
the minimum density region are assumed 
to be relatively unmodulated by the im- 
portant subject matter which is generally 
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more highly evidenced in the higher 
density portions of the negative. Obvi- 
ously, this is not always the case. How- 
ever, it has been found to be true in a 
large number of instances. 

The assumption states, then, that inte- 
grated transmittance should be most 
sensitive to negative variations caused by 
anomalous exposure and storage condi- 
tions. Therefore, normalization of inte- 
grated printing transmittance should 
essentially eliminate the major effects of 
these anomalous conditions. 

Therefore, if the total integrated trans- 
mittance of any one color varies from 
normal or standard, an increase or de- 
crease in the additive exposure for that 
color should be produced. In this way 
both the color and density variations 
from standard can be normalized during 
the printing operation. This method of 
exposure determination may be repre- 
sented as: 

= 10*°'/Tx, or (4) 
logie Fi = ki + Di. 
where: 

Ff; = printer source flux (although the 
same form would hold for exposure 
time in the case of a variable-time 
printer ) 
a constant associated with the 
printer balance 
the density value corresponding to 
the total integrated transmittance 
(7%), or, in other words, the nega- 
tive logarithm of 7; 

i = red, green or blue. 


It may be seen from this function that 
the method provides linear correction for 
both color and density variations from 
normal integrated 
various negatives. 
A possible modification to this method 
was described in 1950 by L. W. Smith.* 
This proposal suggests modifying the 


transmittances of 


degree of correction in order to accom- 
modate transparencies that differ appre- 
ciably from average in both density and 
subject matter. The device described 
directs light from the variable-intensity 
printing source onto the monitor. The 
result of this diluting light is to reduce 
the effective monitor response to the 
negative transmittance. It should be 
noted, however, that as the negative’s 
integrated transmittance is lowered, both 
source flux and diluting light intensity 
are raised. It may be seen, then, that the 
diluting light intensity becomes dis- 
proportionate to the integrated trans- 
mittance signal so that the end result is 
not a linear departure from full correc- 
tion, but is nonlinear. Mathematically 
it is possible to derive the result of this 
diluting light action on the monitor 
signal: 

(Fi) Ti) + Fi) = 10%, (6) 
from which it follows that: 


logioli = K + Di — (0.434)(2) 


i.) + 4 (7) 
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where : 


7% = integrated transmittance ol 
the entire negative 
Di = logarithm of the reciprocal of 


F; = source flux 
(6: Fi) = diluting light flux 
10* = a constant 
i = red, green or blue. 


Obviously as 6, or the percent dilution, 
becomes larger the nonlinearity repre- 
sented in Eq. 7 becomes more pronounced. 


Automatic Printing 


It seems apparent from the foregoing 
examination of various methods by which 
printing exposures have been determined 
that, although many of these methods 
were formulated relatively early in the 
history of photography, it has only been 
within recent years that many of the 
basic problems have been rigorously 
studied. Similarly, it is only recently that 
the problem of determining exposures 
for color prints has been considered to 
any appreciable degree. With the in- 
creasing use of color materials it is neces- 
sary that these efforts not only be con- 
tinued but be intensified. Otherwise, the 
production of color prints, because of the 
many peculiarities of the medium, will 
present difficult problems to the process- 
ing laboratory. 

For the past several years, new methods 
for automatic printing of color materials 
have been investigated in these labora- 
tories. Most printing methods presently 
used are only semiautomatic in that 
printer operators must critically judge the 
transmittance characteristics of scenes 
recorded in negatives and modify the ex- 
posures produced by the printer servo 
system. The necessity of this human link 
has been a major obstacle to achieving a 
completely automatic printing system. 
While it may not be completely elim- 
inated in some operations where very 
critical requireinents are placed on the 
quality of outgoing prints, such as in the 
motion-picture laboratory, it is none the 
less conceivable that the burden of 
operator judgment may be lightened by 
new methods of printing. This would re- 
sult in at least a more efficient overall 
printing system. In the case of some 
amateur color printing applications, for 
example, it seems feasible that complete 
automation could be achieved. This 
automation of the printing system would 
have many advantages including: 

Increased productivity 

More uniform print quality 

Decreased printing labor costs 

Reduction of skill requirements for 
printer operators 

5. Simplification of 
methods. 


the inspection 


Even in the event that complete auto- 
mation could not be achieved in applica- 
tions where very high quality standards 
must be met, the lessening of the opera- 
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tor or timer’s burden in estimating cor- 
rections for off-balance prints would 
constitute a large gain in the efficiency 
of the printing system. It is obvious that a 
necessary requirement for a new exposure 
determination method that might permit 
automatic printing is that resultant over- 
all, absolute print quality must at least 
equal that obtainable with semiauto- 
matic printers. 

Attempts to achieve complete automa- 
tion of color printing systems have in 
large measure been unsuccessful in the 
past. Additional subjective evaluation 
has been found desirable in the majority 
of such cases in order to attain sufficiently 
high quality levels. This need for sub- 
jective evaluation has stemmed primarily 
from the nature of monitor information 
and the manner in which it has been 
used. 

The remainder of the discussion will 
consider a new approach to automatic 
color printing which utilizes integrated 
transmittance as an exposure determina- 
tion criterion. This measure has often 
been used for determining printing ex- 
posures, and as noted above, it has pro- 
vided a simple means of controlling both 
the color and density of color prints. 
The ready acceptance of integrated 
transmittance methods semiauto- 
matic printing systems is undoubtedly 
due to the simplicity by which this meas- 
ure is obtained in such devices. Applica- 
tion of these new principles does not 
necessitate the use of uncommon or 
unusually complex equipment. 


The Correction Level Concept 


It was noted earlier that the monitor 
analog of integrated transmittance in- 
formation is almost always used to con- 
trol exposures such that the total amount 
of light transmitted by a negative is 
normalized. In other words, any anoma- 
lous values of total or integrated printing 
exposure are fully corrected to some 
constant value. This concept is also the 
basis of the method proposed by R. M. 
Evans® for the simultaneous determina- 
tion of both spectral quality and level 
of exposure by means of integrated trans- 
mittance. By that method the total or 
integrated amounts of red, green and blue 
printing exposure used in the printing of 
all negatives or transparencies are com- 
pletely or nearly completely corrected to 
constant values. 

There are many methods by which 
the spectral quality and level of the print- 
ing exposure may be varied in order to 
effect this correction. For example, in 
additive printing systems the spectral 
quality of the exposing illuminant may 
be varied by changing the ratio of red, 
green and blue intensities, either  si- 
multaneously or sequentially. Or, an 
equivalent effect may be achieved by 
maintaining constant intensities and 
changing the ratio of effective red, green 
and blue exposure times. Similarly, the 


spectral quality and level of exposure 
may be controlled subtractively by direct 
spectral modulation (as with color 
compensating filters) of one variable- 
intensity source. There are, of course, 
other combinations of these controls 
which may be used to effect the same 
results. 

Rather than burden the discussion with 
details relating to any one such printing 
device we will consider a relatively simple 
printing system in only the most generally 
descriptive terms. We shall assume that 
the device under consideration modu- 
lates both spectral quality and level of 
exposure by varying the ratio of three 
sequential color exposures. 

A schematic diagram showing the 
basic elements for exposure determina- 
tion and control in such a printing 
system is shown in Fig. 1. These basic 
components are required to adjust each 
individual color exposure for any nega- 
tive: 

A. Light Provides actinic 
energy for producing the exposures. 

B. Negative. 

C. Printing filter - 

D. Print material. 

E. Monitor filter 


source 


- Red, green or blue. 


Red, green or blue. 

F. Monitor Through its 
filter, evaluates the energy trans- 
mitted by the total negative, prefer- 
ably in a manner linearly proportional 
to the total response of the corre- 
sponding color-sensitive layer of the 
print material. 


receptor 


G. Exposure reference Provides a 

reference signal which is the analog 

of the desired printing exposure for a 

given color. 

H. Error detector — Compares monitor 
and reference signals and generates 
an error or difference signal. 

I. Exposure controller — Adjusts the 

intensity of the light source in accord- 

ance with the error signal. 
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J. Reference modulater — A feedback 
device which varies the exposure refer- 
ence as a function of the controller 
action. 


The closed loop depicted by the solid 
lines in Fig. 1 is generally common to 
either manual, semiautomatic or auto- 
matic systems. In manual printing appli- 
cations the human operator may con- 
stitute the left side of that loop. He may 
provide a total or partial visual evalua- 
tion of the negative, an intuitive type of 
exposure reference, and/or he may 
manually control the printing exposure 
itself. 

Although this type of operation has 
found widespread use in the printing of 
black-and-white motion pictures, it is 
of only limited effectiveness in color 
printing. This is especially true for the 
case of color negatives where color bal- 
ance variations are difficult to evaluate 
in complementary terms. This discussion 
will therefore be limited to completely 
automatic or semiautomatic systems. 

Semiautomatic systems differ from 
automatic systems in that the printer 
operator may modify the exposure refer- 
ence signal in accordance with some class- 
ification system. This portion of semi- 
automatic systems is indicated by the 
dotted lines in Fig. 1. 

Operation of the variable-intensity 
system of Fig. 1 may be described by a 
simple linear equation for each color ex- 
posure in which the logarithm of the 
source flux is proportional to Large 
Area Transmission Density (LATD). 
LATD is a term which is used here to 
refer to the density value corresponding 
to the total integrated transmittance of a 
negative or transparency. This, then, is 
not the integrated density of the negative, 
but is the logarithm of the reciprocal of 
the integrated transmittance. The term 
is used only for its convenience in express- 
ing the logarithmic relationship of source 
flux and negative transmittance. The 
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Fig. 2. A linear relationship between 
log source flux and LATD. Full correc- 
tion is shown as a line with unity slope. 
Lowered correction systems will have 
relationships with slopes less than one. 
Since the average exposure correspond- 
ing to the average negative should re- 
main constant, correction level changes 
are rotated about this average point. 


printing equation may be written as: 


logio Fi = Ki + ciDi (8) 
where: 
F; = source flux 
Ki = a constant representing the aim 
point of the system 
Di = LATD 
ci = a coefficient 


red, green or blue. 


The coefficient c; represents the rate of 
correction for LATD variation among 
negatives. A unity coefficient is set into 
the printer for full correction if the 
spectral response of the printer monitor is 
identical to that of the print material. 
However, when this coefficient has a 
value less than unity, then less than full 
correction is applied in the printing 
system. These conditions are illustrated 
graphically in Fig. 2. 

Departure from full correction may be 
brought about in a printer either 
optically or electrically, inadvertently 
or by design. If the spectral responses of 
the red, green and blue monitors, through 
their respective filters, do not match 
the corresponding responses of the com- 
bination of paper and printing filter, 
positive or negative exposure shift may 
result. That is, the effective value of the 
coefficient, c;, will be either greater or 
less than unity. Shifts produced by moni- 
tor mismatch may be partially com- 
pensated by an electrical circuit pro- 
viding feedback between the printing 
lamp and the exposure reference. This is 
represented by the reference modulator 
loop, shown as dashed lines in Fig. 1. 
This circuit should be adjustable and 
reversible in order to provide variable 
amounts of positive or negative shift as 
required by the system. In addition, this 
circuit provides a convenient means for 
varying the correction level of the print- 
ing system. 

It has been noted that the full correc- 
tion concept is based on the assumption 
that most scenes are generally character- 
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ized by constant integrated hue and 
brightness. Any difference between the 
integrated transmittance values for a 
given negative and the normal value is 
assumed to be due to the undesirable 
effects of such anomalous conditions as 
over-exposure and under-exposure, im- 
proper illuminant quality and improper 
storage, in addition to any processing 
variations. If, however, the nature of the 
original scene is such that a preponder- 
ance of any one color or brightness is 
represented, then the printing exposure 
determined by such a system will be in 
error. The failure of certain scenes or 
subject matter to conform to normal inte- 
gration values is referred to as “‘subject 
failure.” 

Negatives may exhibit both color and 
density subject failure. In the latter case, 
the overall density of a negative departs 
from normal owing to the nature of the 
scene rather than to camera exposure 
level. One example of such a “subject 
anomaly” would be the negative record of 
a white cat photographed against a snow 
bank. A full correction printer would 
produce too dark a print from such a 
negative. In like manner, if the density 
of the major portion of a negative is con- 
siderably different from the density of the 
important subject area, the resultant 
print will not be optimum. These situa- 
tions have been dealt with in part through 
the use of various systems of classification 
previously mentioned. This operation 
must be carried out prior to printing. 
Negatives are visually inspected by 
printer operators, and an estimate is 
made of the necessary exposure adjust- 
optimum 
print density. The demands and limita- 


ment required to produce 
tions of such a system are obvious. 

If the nature of the original scene or 
subject is such that one color pre- 
dominates, then color subject failure will 
occur. A classic example is the negative 
record of a person in a red coat standing 
in front of a red barn. The low total red 
transmittance of the negative will call for 
an increased red exposure, resulting in 
the production of too much cyan dye in 
the print. 

Attempts to 
failure by means of ‘‘color classification” 


prevent color subject 
are not too successful with color negatives. 
This is especially true of color negatives 
containing colored masks produced from 
the dye couplers in the film emulsion. 
Relatively minor variations in the overall 
color of the image are not easily detected 
by the eye in the presence of these 
masks. Hence, the color subject errors 
made by such full correction systems 
constitute a major source of error and 
print waste. 

It is possible to divide a negative (or 
transparency) three 
general categories for the purposes of 


population into 


discussion: (a) normal negatives, (b) 
negatives involving normal scenes but im- 


properly exposed or showing the effects 
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of faulty storage and (c) subject failure 
negatives. Full correction is required to 
produce optimum prints from improperly 
exposed negatives. However, negatives 
exhibiting only subject failure (and no 
exposure anomalies) require no correc- 
tion for the production of optimum 
prints. Furthermore, the effect of correc- 
tion in such negatives is deleterious to 
resultant print quality. 

Since properly exposed negatives which 
do not exhibit subject failure integrate at 
or near the norm, very little or no correc- 
tion is required. For this reason normal 
negatives are not greatly affected by 
correction level. The problem resolves it- 
self, then, to the formulation of a method 
for determining printing exposures which 
will most effectively comply with the in- 
compatible correction requirements of 
negatives involving improper storage or 
exposure and those exhibiting subject fail- 
ure. 

An obvious approach would be to effect 
a compromise between full correction and 
no correction. This would mean that the 
value of the coefficient c; in Eq. 8 would 
be less than unity. 

As the correction level is lowered, the 
printing exposures determined for sub- 
ject failure negatives approach optimum. 
In Fig. 3 it may be seen that the effects 
of both density and color subject failure 
are minimized in those prints produced at 
the lower levels of correction. As the 
correction level increases, the subject 
errors become increasingly more ob- 
jectionable. On the other hand, it may 
it may be seen in Fig. 4 that for the case 
of improperly exposed negatives the 
prints produced by high correction ap- 
pear more nearly optimum than those 
which received less correction. 

The prints in Figs. 3 and 4 represent 
extreme subject failure and improper 
exposure. In practice the negatives from 
any population include examples incor- 
porating many degrees of these anoma- 
lous conditions. In addition, a number of 
combinations may occur in an individ- 
ual negative. 

It is desirable to achieve a correction 
level such that an optimum compromise 
is effected between print quality losses 
due to undesirable anomalies and those 
resulting from subject failure. Proper 
choice would result in optimum overall 
print quality for the entire population. 
Furthermore, the need for classification 
would be decreased as the subject errors 
are minimized. 

Practical Application 

A statistical method has been employed 
in order to determine these correction 
levels for amateur roll-film color negative 
populations. Samples of 1,000 negatives 
were chosen during each month of an 
entire year. These samples were chosen 
in a manner which would produce a 
typical cross section of the entire nega- 
tive population. 
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The LATD values of these negatives 
were measured, and initial printing ex- 
posures determined by manual computa- 
tion. These exposures were then made on 
a manual which permitted 
precise, quantitative control of source 
flux. The resultant prints were evaluated 
by a group of specially trained inspectors 
whose ability was tested by a number of 
methods which indicated that their 
print judgments were valid. The in- 
spectors estimated any correction in flux 
necessary to produce the optimum print 
from a given negative. Corrected flux 
values, together with the Large Area 
Transmission Densities of the negatives, 
were then analyzed by the method of 
least squares, as in the Jones and Nelson 
investigation,” and the linear equation of 
“best fit”? was determined for each color. 
These regression equations are of the 
same form as Eq. 8. 

It was found that the optimum co- 
efficients of these linear equations varied 
within the range of 0.70 to 0.90 depend- 
ing on the season of the year. This in- 
dicates that the ratio of undesirable 
anomalies to failure is not 
constant but changes somewhat from one 
season to another. In general, the highest 
coefficients corresponded to the mid- 
winter season while the lowest values oc- 
curred during midsummer. Seasonal var- 
iations were also noted in the correspond- 
ing printer aim points, represented by 
the constant A, of Eq. 8. 

The correction levels, expressed as the 
are, of course, a function of the 


printer 


subject 


value of ¢,, 
type of negative population. In this case an 
amateur roll-film color negative popula- 
tion with the high incidence of improper 
exposure usually associated with such 
negatives was analyzed. It is of interest 
that in the experiments of Jones and Nel- 
son* with pictorial black-and-white 
negatives the average coefficient of 0.88 
which was determined for total density 
lies within the range of 0.70 to 0.90 for 
c,; in these experiments with color nega- 
tives. However, it is not necessarily to be 
expected that other color negative or 
transparency populations would require 
the same level of correction as was in- 
dicated by this study. There are, none 
the less, a number of fundamental im- 
plications which may be drawn from the 
results of the experiment. 


Conclusions 

The best correction level for any 
integrated transmittance printing system 
is a function of the characteristics of the 
negative or transparency population, 
The actual optimum level of correction 
is dependent upon the proportional oc- 
currence of desirable and undesirable 
anomalies. Color and density subject 
failure are anomalous conditions in that 
the negatives or transparencies fail to 
satisfy the basic assumption of integrated 
transmittance printing. In other words, 


the true camera exposure conditions are 
not adequately represented by the inte- 
grated transmittance of the negative in 
these cases. The monitor information is 
misleading in that it calls for correction 
where none is needed. These so-called 
anomalies result from scene attributes 
which must be retained in order to satisfy 
the requirements of adequate reproduc- 
tion. On the other hand, the undesirable 
effects of improper exposure, storage, 
poor processing, etc., should be elim- 
inated. The relative occurrence of these 
factors is obviously related to the type of 
color material being printed. 

It is apparent, then, that the range of 
optimum correction level will not be the 
same for printing all types of negative or 
transparency materials. For example, 
the proportion of exposure errors might 
be expected to be higher in an amateur 
color negative population than in a pro- 
fessional population such as encountered 
in portraiture or in motion-picture work. 
It would be expected that the optimum 
correction levels for such populations 
would be lower than those encountered in 
an amateur color negative printing 
system. 

An optimum correction level may be 
achieved with any population, then. The 
advantages attained by com- 
promise are twofold. The overall quality 
of the system may be improved with re- 
spect to absolute level and consistency. 
In addition, operator skill requirements 
may be reduced. The magnitude of 
quality improvement as well as reduction 


such a 


in necessary operator skill is dependent 
upon the quality requirements of the 
system. 

Thus, the use of the oldest criterion for 
automatic print production, after this 
modification to the concept of its use, 
may in some applications be capable of 
permitting completely automatic print- 
ing with a reduction of appreciable 
quality losses historically associated with 
such systems. The higher overall quality 
obtainable with integrated transmittance 
print-ng methods operated at an optimum 
correction level makes it a valuable tool 
in the production of prints. 
Whether the system is used to produce 
more accurate initial prints or to provide 
release prints, it lessens the burden of 
decision and estimation which weighs so 
heavily on the color timer or printer 
operator. It provides an expedient and 
efficient method of producing salable or 
higher quality prints where empirical ex- 


color 


posure prediction is often a long, labor- 
ious and 
eliminates many of the printing exposure 
errors introduced by the classical full 
correction printing systems. The use of 
optimum correction levels does, in fact, 


expensive proposition. It 


minimize printing errors and allow the 
integrated transmittance printing system 
to work at the highest overall quality 
level which it is objectively capable 
of attaining. 
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Fig. 3. Effect of correction level on prints from negatives showing subject failure. Best prints are those at lower levels of correction. 
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Automatic Timing 


of Color Negatives 


Timing of color negatives for release printing has proved to be a tedious, time- 


consuming, and expensive operation in motion-picture laboratories. 


Based on 


methods of exposure determination for printing amateur, still, color negatives, a 
simple and rapid method has been developed for automatic timing of color nega- 


tives. 


The integrated transmissions to red, green and blue light of the color 


negative are measured on a full-frame densitometer for a large number of scenes 


having a wide gamut of subject matter. 


These integrated transmissions are sta- 


tistically correlated, scene by scene, to the printer lights that produced acceptable 


color prints from the color negatives. 


From these correlations the printer lights 


that will produce color-balanced prints may be predicted within certain limits 
from the full-frame, integrated, transmission measurements of an unknown nega- 
tive. While the color balance of the first print produced by this method may not 
be considered optimum, the print is close enough to optimum that a skilled color 


timer can produce a color-balanced print on the second or third trial. 


Results of 


a trial at Ace Film Laboratories showed the method to be practical. 


A PROFESSIONAL motion pl ture is com- 
posed of many scenes photographed at 
different times and under different con- 
ditions. For obvious economic reasons 
any scenes in a motion picture which are 
to be photographed on one set or one lo- 
cation are made in one shooting se- 
quence regardless of the order in which 
they are finally assembled in the con- 
formed picture negative. A series of 
scenes photographed on one set on any 
given day of production may be cut into 
any or all reels of the completed picture 
Differences in “‘color balance’ of the 
color negative will occur from day to 
day and from set to set owing to inevi- 
table differences in color quality of the 
lighting, differences between camera 
lenses, variations in negative processing, 
and innumerable other factors. In addi- 
tion, special effects are introduced in the 
picture which require duplicating steps. 
Only under the most rigidly controlled 
conditions in the duplicating process is 
it possible to produce an internegative 
having the same printing characteristics 
as the original negative from which the 
internegative was made. For these rea- 
sons it is necessary during release printing 
of a conformed color negative to change 
the intensity and color quality of the ex- 
posing light reaching the printing aper- 
ture from scene to scene in order to pro- 
duce a color-balanced release print. 

The operation of determining those 
printing conditions which will produce a 
color-balanced print is referred to as 
“timing,” and the people who perform 
this task are called ‘“‘timers.’? Motion- 
Presented on January 10, 1956, at the Society’s 
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picture timers, after many years of train- 
ing and experience, develop astonishing 
skill in timing black-and-white negatives 
by naked-eye inspection of the negative 
over an illuminator. Knowing the 
“scale”? of their printing machines, they 
are able to time a_ black-and-white 
motion picture so accurately that an 
optimum print is achieved on the second 
or third trial. Unfortunately, this con- 
dition does not prevail in timing a color 
negative. The timer’s eye is able to gauge 
the overall density of a color negative 
and his mind is capable of performing 
the inversion which allows an accurate 
choice of printing light to produce a 
print which is correct in respect to den- 
sity. However, he finds the task of in- 
verting cyan-colored flesh on the color 
negative to a pleasing flesh tone on the 
print infinitely more difficult, particu- 
larly in the presence of colored couplers. 
Therefore, many more trial prints are 
generally required to arrive at an opti- 
mum color-balanced print. Since this 
difficulty results in considerable expense 
and loss of time in a motion-picture labo- 
ratory, the need clearly exists for a 
method of color timing which is more 
rapid and permits achievement of an 
optimum color-balanced print with fewer 
trials. This is particularly true for ad- 
ditive printing, and this paper is con- 
cerned primarily with the problems of 
color timing for additive printing ma- 
chines. 


Automatic Color Timing 


Methods of determining black-and- 
white printing exposure were largely 
empirical until 1902 Joseph 
Poliakoff' patented a still-picture printing 
device with an accompanying method of 
exposure determination. Poliakoff uti- 
lized the total transmittance of a nega- 
tive; the light was reflected by a mirror 


when 
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onto a piece of actinic paper which in 
turn reflected light to a selenium cell. 
As the paper darkened, the cell current 
was reduced, and at a preselected cur- 
rent value a solenoid closed the shutter. 
Poliakoff was the first to use information 
from the entire negative for exposure 
determination. Other workers have em- 
ployed characteristics of selected parts 
of the negative such as density of flesh 
areas, minimum density, maximum den- 
sity, and combinations of these. Later 
these same methods were applied to the 
printing of still color films and papers. 
There are many articles and patents per- 
taining to this problem, and it is beyond 
the scope of this paper to present the en- 
tire bibliography. 

The automatic color-timing method 
described in this paper is based on a pat- 
ent granted to R. M. Evans? in 1951 
which describes methods of exposure de- 
termination for printing still color pic- 
tures. Evans showed that it is possible to 
determine color and density exposures 
simultaneously by measuring the inte- 
grated red, green and blue transmittance 
of an entire color negative. The system 
is based on the assumption that the red, 
green and blue components of an aver- 
age negative are nearly equal, and there- 
fore will integrate to a gray or a constant 
hue. If the total integrated transmittance 
varies from this gray or constant hue, a 
change in exposure corresponding to the 
anomalous transmittance will correct 
both the density and the color in one 
operation. This may be represented by 
three equations for red, green and blue 
of the form shown in Eq. (1). 


logo F, = ki + D; (1) 


where 
F; = printer light flux 
ki = a constant 
D; = the densitv corresponding to the 
total integrated transmittance of 
the negative 
i = red, green or blue 


It is important to note in Eq. (1) that 
D does not represent integrated density 
but rather corresponds to —log T 
where T is the integrated transmittance 
of the negative. The constant f is a func- 
aim point” of the process and 


tion of the 
is constant for only one process and one 
print emulsion. As the process changes 
and print emulsions of different speeds 
are used, k will change. 

This method of exposure determina- 
tion works perfectly only on so-called 
‘average’ subjects where the negative 
has equal amounts of red, green and 
blue light components. [t obviously fails 


_ 


in the classic example of a person in a 
red coat photographed standing before 
a red barn. The red transmittance of 
such a color negative would be low, and 
the exposure determination would call 
for an increased red exposure resulting 
in a print having cyan flesh tones and a 
desaturated red barn and coat. This 
failure to conform to normal integration 
values is referred to as “subject failure.” 
In this case a better print would result 
if the integrated transmittance data were 
totally ignored and the negative was 
printed at the “aim” condition. Evans 
recognized this shortcoming and felt 
that color subject failure could be mini- 
mized by giving less than full correction. 
This may be expressed by three equa- 
tions for red, green and blue of the form 
shown in Eq. (2). 

logip Fi = ki + aiDi (2) 
where 
ai = some constant less than unity 


This would mean that those negatives 
fulfilling the ‘‘full correction” criterion 
(equal amounts of red, green and blue 
transmittance) would not result in opti- 
mum prints by this method, but statis- 
tically the majority of negatives in a 
large population of negatives would pro- 
duce acceptable prints with fewer re- 
jects for subject failure. 

Since this method of exposure deter- 
mination had _ proved successful in 
printing color prints from amateur still 
color negatives, it was felt that it might 
prove of value to motion-picture color 
timing. 

However, there are confounding fac- 
tors which make this method of color 
timing less applicable to motion-picture 
color-printing than to amateur still 
color-printing. First, the acceptability 
tolerances for amateur prints are wider 
than those for sequential scenes in a pro- 
fessional motion picture. Second, the 
patron in the darkened theater is color- 
adapted to the picture, while the viewer 
of an amateur color print is color-adapted 
largely to his surroundings and to a smaller 
degree to the picture he is viewing. 
Relatively small shifts in color balance 
in the theater from scene to scene, then, 
are extremely objectionable, particularly 
at the time of change from one scene to 
the next and when scenes are short. 
Third, because of this eye-adaptation 
effect, this method cannot determine how 
one scene affects the way the patron 
sees the following scene, and hence how 
it should be printed. Any timer will 
vouch for the fact that the optimum 
printing condition for a given negative 
depends upon which scene it follows in 
the picture. 

In order to determine the red, green 
and blue constants & and a in Eq. (2), a 
large population of highly different 


negative scenes would have to be studied. 
The full-frame integrated transmissions 
to red, green and blue light of each 


Stott, Weller and Jackson: 


Fig. 1. Schematic of 35mm Full-Frame Densitometer. 


negative scene would have to be meas- 
ured and trial prints made until the opti- 
mum color balance for each scene had 
been achieved. The integrated trans- 
missions (or densities for simplicity) of 
the negatives are then correlated statis- 
tically to the printing flux required to 
produce the optimum print. Graphs can 
then be prepared from which the opti- 
mum printing flux or printer lights can 
be predicted directly from the measured 
densities of the negative. For additive 
printing, three graphs would be prepared 
for the three printer lights. The line on 
each graph has the property of being the 
“best fit” for all of the data available. 
The graph is most accurate and useful 
when a large number of scenes have been 
studied and when the data plotted are 
those for the best possible color prints 
from the negatives. The mathematical 
method of determining the line that 
is the best fit to the data is described 
later. For subtractive (white light) 
printing a similar method can be ap- 
plied for predicting the densities of cyan, 
yellow and magenta color-correcting 
filters required in the light beam of the 
printer. 

It is imperative that this method be 
thought of not as a means of timing a 
color motion picture so that an optimum 
print will be produced on the first try. 
The best that can be hoped is that a first 
print can be made from the timing pre- 
dictions determined by this method that 
will have most of the scenes close enough 
to optimum color balance that a skilled 
timer can take over from this print and 
produce an improved second print and 
an optimum print perhaps on the third 
or fourth trial. 


Instrumentation 


The first problem to be solved in 
applying this method of color timing was 
the matter of measuring the full-frame 
integrated transmittance of the negative. 
The full-frame densitometer required the 
following: 


1. A measuring aperture that holds 
the negative film firmly in place during 


measurement without damaging the 
negative. 

2. A uniformly illuminated measuring 
aperture. 


3. Sufficient illumination to measure 
the complete negative density range. 

4. A photocell and filter combination 
that will give effectively the printing 
densities of the color negative on the 
color print film. 

5. A light-integrating system that 
“scrambles” the light transmitted 
through the negative into light of a uni- 
form distribution at the photocell. 

6. A photocell and meter combination 
that is accurate and reproducible. 

7. reasonably simple and easy 
method of operation. 

The full-frame densitometer developed 
for these studies is shown schematically 
in Fig. 1. The light source (A) is the 
lamp housing and optics of a conven- 
tional slide projector equipped with a 
100-w bulb. A dichroic filter (B) is used 
to reflect the infrared light in the beam. 
The printer aperture (D) is uniformly 
illuminated through a relay lens (C). 
The aperture has full CinemaScope di- 
mensions with provision for masking the 
soundtrack area when Academy-aper- 
ture negatives are being measured. The 
film gate (E) is plush-lined and the jaw 
of the gate nearest the light source 
is hinged to permit rapid and safe in- 
sertion and removal of the negative. 
A sheet of highly polished stainless steel 
(F) is hinged above the hole in the top of 
the illuminating tunnel and functions as 
a mirror to permit accurate positioning 
of the negative frame in the aperture. 
Directly behind the aperture, positioned 
about ;/g in. from the negative, is a 
Lucite integrating bar (G). The bar is 
rectangular with 35mm CinemaScope 
aperture dimensions, and both ends are 
sanded. A _ three-position filter wheel 
(K), with detent-stops, filters the light 
emerging from the integrating bar. The 
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. 2. 35mm Full-Frame Densitometer and Densichron. 


photocell is a standard Densichron Blue 
Probe (1), and (J) is the cord leading to 
the meter, a standard Densichron, 
Model 3830A (both manufactured by 
Welch Scientific Co., Chicago). The 
filters (K) used in the densitometer are 
Status K as used in the Eastman Elec- 
tronic Densitometer, Model 31A, which 
will produce density readings in good 
agreement with printing densities from 
Eastman Color Negative Film, Type 
5248, to Eastman Color Print Film, 
Type 5382. Neutral density filters are 
mounted with the color filters to balance 
the red, green and blue readings at zero 
with no film in the gate. 

The accuracy of the instrument was 
determined as series of 
Munsell gray chips from dark gray to 
white was photographed in a camera on 
Eastman Color Negative Film, Type 
5248. Exposures were chosen to give a 


follows. 


complete density range. The processed 


exposures were measured on an Eastman 
Electronic Model 31A, 
at several places on each frame, and the 


Densitometer, 


values for each frame were averaged. 
The frames were then positioned in the 
full-frame densitometer and were meas- 
ured. The agreement in measured density 
values between the full-frame densitom- 
eter and the average of the Model 31A 
measurements was within 0.02 density 
units for red, green and blue over the 
entire scale. This accuracy was judged 
to be sufficient for these studies. 

The procedure in measuring a full 
frame of motion-picture color negative is 
as follows: 

1. Zero the instrument through each 
of the three filters. 

2. Insert the color negative in the 
aperture with the emulsion facing the 
light source and position the frame ac- 
curately in the aperture. Close the gate 
jaws. 

3. Measure the density of the color 
negative to red, green and blue light 
through the three filters. 

4. Open the gate jaws and remove the 
color negative. 


Figure 2 shows the full-frame densi- 
tometer and Densichron. Figure 3, the 
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construction. 


full-frame densitometer with the cover 
removed, shows the detail construction. 


Experimental Procedure 


In order to obtain a large number of 
negative scenes of widely different char- 
acteristics to use for determination of 
the red, green and blue constants & and 
a of Eq. (2), outtakes from several feature 
motion-picture productions were ob- 
tained. The integrated transmissions to 
red, green and blue light of these nega- 
tives were measured, and the negatives 
were spliced together for printing at a 
variety of printer-light balances on an 
additive printing machine at Kodak 
Park. It soon became apparent that the 
same difficulties facing a motion-picture 
timer in the professional motion-pic- 
ture laboratory had to be faced in pre- 
paring optimum prints from these clips. 
While this method could and has been 
used for making the best color-balanced 
prints from the negative clips, the pro- 
cedure is time-consuming and tedious, 
and the data obtained are applicable 
only to the printing machine and proc- 
ess at Kodak Park. 

Since any motion-picture laboratory 
must go through a trial-and-error method 
of making an optimum release print, it 
seemed evident that the matter of data- 
taking for this project could be more 
rapidly accomplished in a_ professional 
motion-picture laboratory. Accordingly, 
permission was requested of Mr. Joseph 
Spray, President, Ace Film Laboratories, 
Brooklyn, N.Y., to conduct experiments 
at that laboratory. Mr. Spray graciously 
granted this permission, and the full- 
frame densitometer was taken to Ace. 
Negatives were supplied from feature 
motion pictures on which release print- 
ing was finished. The densities of the 
negative scenes to red, green and blue 
light were measured, and the timing 
data that produced optimum release 
prints at Ace Film Laboratories for 
these scenes were recorded from the pro- 
duction time cards. Ace Film Labora- 
tories employs additive printers having 
three separate light sources. The red, 
green and blue light is mixed by means of 
a dichroic filter arrangement. Five neu- 
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Fig. 3. Densitometer with cover removed to show details of 


tral density filters having values of 
0.025, 0.05, 0.16, 0.20 and 0.40 are avail- 
able for each light source. The neutral 
densities are rapidly placed in the print- 
ing beam by means of solenoids cued 
from a punched tape or a special light 
board. Hence, the total range of neutral 
density filter combinations for each light 
on these printers is 0 through 0.775 in 
0.025 increments. In this instance the 
neutral density values of the filters repre- 
sent log E changes of the printing-light 
intensity for any one light. The method of 
mathematical treatment used to correlate 
the density of the negative with the 
printing data does not require that the 
printing data be expressed in terms of 
log E values. The printing data may be 
expressed in any terms convenient to the 
particular laboratory involved whether 
they be log E values, neutral density 
values, or arbitrary numbers or even 
letters. 

Over 750 negative scenes from five fea- 
ture motion pictures were measured at 
Ace Film Laboratories, and the printing 
data for these scenes were recorded. At 
first glance this population of negative 
scenes would appear to be large enough 
for a meaningful statistical analysis of the 
data. While subsequent use of the data 
from this survey proved to be adequate to 
demonstrate the validity of the method, 
the authors feel that a population in ex- 
cess of 2,500 scenes from more than ten 
feature pictures would have provided 
even more accurate data. 

The data taken at Ace Film Labora- 
tories were brought back to Kodak Park 
in Rochester for mathematical analysis. 


Mathematical Treatment 


To determine the red, green and blue 
coefficients a and k from the data taken, 
it is first necessary to investigate the 
relationship between the densities of the 
negatives and the optimum printing con- 
ditions for several motion-picture pro- 
ductions. Each production is studied 
separately first, since the relationship 
between negative densities and printer 
light is affected by many sources of vari- 
ation such as subject matter, print emul- 
sions and process variability. 


| 
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The first step in studying a given mo- 
tion picture is to plot the data in the form 
of scatter diagrams for each color (i.c., 
plot printer light vs. density of negative, 
as shown in Fig. 4, for each color). 
These plots should then be carefully 
studied for instances where individual 
scenes do not conform to the general 
population of scenes. This aids in the 
discovery of clerical errors in recording 
the data or errors in densitometry. Ex- 
treme cases of subject failure or unusual 
lighting effects such as night scenes which 
must be printed in a special way should 
be deleted at this point. Unless inter- 
negatives have been made with the great- 
est care and control, they also should be 
treated separately. 

It is often worth while to break these 
plots down into individual reels or per- 
haps by exterior and interior scenes to 
gain some insight into any additional 
sources of variability which might be 
present in the system. Differences be- 
tween exteriors and interiors might in- 
dicate that exteriors would have to be 
printed with different coefficients from 
those for interiors, although this was not 
found to be true for the motion pictures 
studied at Ace. 

After this editing, the remaining data 
represent the population of scenes that 
will produce acceptable prints without 
introducing special conditions. 

For automatic color timing, an equa- 
tion is required to predict (within cer- 
tain limits) how an unknown negative 
should be printed once the densities of 
the negative have been measured. The 
desired prediction is of the form shown 
previously in Eq. (2). However, this may 
be simplified to three equations for red, 
green and blue of the form shown in Eq. 
(3) since the printer light, regardless of 
how it is expressed, is a measure of the 
logarithm of the light flux. 

(negative 

density) (3) 


Printer lights = & + a 


where i = red, green or blue 


The red, green and blue coefficients k 
and a can be determined by the method 
of least squares. The derivation of the 
formulas for computing these coefficients 
is beyond the scope of this paper but is 
amply described in the literature.’ 
However, the following example will 
illustrate the computations for a par- 
ticular reel used in the study at Ace Film 
Laboratories. The equation to be de- 
rived is for the blue printer light as a 
function of the density of the negative to 
blue light. There were forty scenes in 
the reel, of which two were internega- 
tives, and these data were deleted. The 


data and computations are as follows: 
XY 
Blue 
nega- Blue 


Scene tive printer 

No. density light 

1.79 0.225 

0.200 

0.300 
- (Internegative, Delete ) 

1.72 @.175 


~ 


38 —_ (Internegative, Delete ) 

39 1.95 0.175 

40 1.55 0.300 

= 67.48 ZY = 7.075 

= 121.0818 = 1.546875 

rXY = 12.09100 n = 38 
— TXTXY 


nvX? — (2X)? 
(121 .0818)(7.075) — (67.48)(12.09100) 
(38)(121.0818) — (67.48)? 


= 0.856913 
_ nZX¥ — _ 
— (EX)? 


(38)(12.09100) — (67.48)(7.075) 
(38)(121.0818) — (67.48)? 


= —(.377707 


40 | 
| 
= 
795% Prediction Limits 
a 

20 
2 
~ 

10 Internegotives 

130 140 1.50 1.60 170 1.80 190 2.00 2.10 


DENSITY OF NEGATIVE TO BLUE LIGHT 


Fig. 4. Relationship between blue negative densities and blue printer lights for a 


typical reel of motion pictures. 
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The best calculated prediction equation 
then is: 


Blue printer light = 0.857 — 0.378Ds (4) 


To locate the line on the graph, it is 
necessary only to substitute any two 
negative density values in the equation, 
solve the equation for the printer light, 
plot these two points on the graph, and 
draw a straight line through the points. 
This mathematically fitted line is called 
the regression line of Printer Light on Nega- 
tive Density and will be the best straight 
line through the data in the sense that it 
minimizes the sum of squares of the de- 
viations about the line in terms of 
printer lights which is the variable to be 
predicted. In addition, it is necessary to 
obtain a measure of how well this re- 
gression line will predict the printer 
lights. This measure is called the standard 
error of estimate, Sy. x- 


— + aZXY) 
sy.x = = 


n—2 


= 0.0377 (5) 


This is essentially the standard devia- 
tion of the observed printer lights about 
the regression line and should represent 
the inherent variability of the system and 
should include such variables as printer 
repeatability, print film nonuniformity, 
within-process variability, densitometer 
variability, and the ability of the inspec- 
tor or timer to determine the optimum 
print. If all the points cluster closely 
about the line, the standard error of esti- 
mate, Sy.y, will be small; if they are 
widely dispersed, it will be large. It is, 
therefore, essential that all of the above- 
mentioned cases of extreme subject fail- 
ure, internegatives, etc., be deleted be- 
fore calculating the regression line, as 
these extraneous values would affect the 
estimates for both & and a and would 
affect sy.y adversely. 

It can be shown that the prediction 
limits about the regression line are actu- 
ally hyperbolic in nature, since both 4 
and a are estimated from a sample and 
are subject to error.’ Proof of this fact 
is beyond the scope of this paper. In fact, 
for a moderate sample size they are suffi- 
ciently parallel to the regression line so 
that plus or minus twice the standard 
error of estimate (+2 sy.,) may be used 
as an approximate measure of the limits 
within which 95% of the predictions 
should fall, assuming the distribution of 
these predictions about the line is nor- 
mal and that no prediction will be made 
beyond the range of negative densities 
from which this relationship was deter- 
mined (i.e., extrapolation). Roughly 
95% of all the scenes in this particular 
reel fall within +0.075, or plus or minus 
three printer lights of the line represented 
by Eq. (4). The actual 95% prediction 
limits are shown in Fig. 4. With a sample 
size of 38 and a small standard error of 
estimate, over this range, the limits are 
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practically straight lines. Only one obser- 
vation is outside the limits. 

rhe intercept, 4, is a function, among 
other things, of the print emulsion used 
and the process level at the time; any 
comparison of the intercepts from one 
production to another will reflect mainly 
differences in these two variables. The 
printing coefficient, a, is a function 
of these two variables only with regard 
to contrast and is therefore primarily a 
function of the subject material. Since few 
productions include all types of scenes, 
several productions should be studied 
separately and average printing coeffi- 
cients obtained from these. If this were 
not done and the data from all produc- 
tions pooled, the effect of emulsion differ- 
ences, etc., would be incorporated, and 
the standard error of estimate would be 
meaningless. 

In the project at Ace Film Labora- 
tories, more than 750 scenes from five 
motion pictures were studied. The gamut 
of scenes covered by these five produc- 
tions was fairly wide. When the results of 
these productions were averaged, the 
prediction equations (rounded to the 
nearest 0.05 


for simplicity) were as 


follows: 

Red printer light = kr — 0.40De 
Green printer light = ke — 0.45De 
Blue printer light = ks — 0.35De 


The 4’s were not evaluated as they 
have little meaning except for these five 
productions, printed on the particular 
print emulsions used to make the trial 
prints from which the optimum printing 
conditions were determined. 

Graphs were then prepared from Eqs. 
6, 7 and 8 to be used to predict printing 
unknown 
picture negative. The negative density 


conditions for an motion- 


values are plotted along the abscissa and 
the printer lights along the ordinate. 


The predicting line is in the form of a 
high-contrast photographic overlay. 
Placement of the overlay on the graph 
with the horizontal line parallel to the 
abscissa has the effect of fixing the con- 
stant, a, in Eq. 3 but allowing & to be 
varied at will, depending on the print 
emulsion and process being used at the 
time of predicting and on the general 
speed anomalies in the negative. Figure 
5 shows the photographic overlay in posi- 
tion over the graph. Graphs for red and 
green prediction were prepared in the 
same manner but are not shown. 

It is quite possible in subtractive print- 
ing that unwanted absorptions in the 
subtractive filters will make it necessary 
to use red, green, and blue density meas- 
urements to predict optimum printing 
conditions. As an example, Eq. 9 illus- 
trates how to determine what value of 
color-correcting filter should be in the 
light beam to produce a color-balanced 
print. 


Value of color-correction filter = 


k + + + (9) 


The coefficients k, a), a2, and a3 can all 
be obtained by the method of least 
squares using multiple regression equa- 
tions.* The initial computations are some- 
what more lengthy, and the actual timing 
operation is also more involved, but 
neither is beyond the realm of practicality 
as far as actual production is concerned. 
The printer lights can be determined by 
use of an analog computer, for example, 
or by use of a prepared table. 

Since no two laboratories have the 
same printing and processing facilities, 
these equations should not be expected to 
hold anywhere except at Ace Film Lab- 
oratories. Each laboratory would have to 
perform a separate study to determine 
its optimum printing coefficients. These 
studies would be made in the same 
manner as the one described here—de- 


Fig. 5. Transparent overlay (a2 = —0.35) in position over the graph. 
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termination of the relationship between 
the negative densities and the optimum 
prints obtained from the negatives for 
many scenes from several productions 
and then obtaining an average coefficient 
from these with which all normal nega- 
tives can be printed. 

As new experience is gained in the use 
of this method of color timing, more 
sophisticated interpretation of the data 
may be employed. More accurate pre- 
diction of the optimum printing condi- 
tions may be possible if different slopes on 
the graphs are used for different types 
of pictures. A dramatic “‘mood”’ type of 
picture having a majority of low-key 
scenes perhaps may be more accurately 
timed by this method using a lower slope 
than illustrated here, since more of the 
scenes fall in the “subject failure” cate- 
gory. A musical comedy picture featuring 
brightly lighted scenes liberally laced 
with color may be predicted more accu- 
rately with a higher slope graph, since a 
majority of the scenes would tend to ful- 
fill the criterion of containing equal 
amounts of red, green and blue compo- 
nents. It is conceivable that long experi- 
ence with this method of color timing will 
result in the use of different graph slopes 
for different cinematographers which 
would reflect the care with which the 
cinematographer determines exposure 
and his propensity to employ extremes in 
dramatic lighting. This does not detract 
from the value of this timing method for 
all types of pictures shot by many 
cinematographers. The aforementioned 
comments point only to refinements and 
improvements of the method which may 
be developed when infinitely more ex- 
perience has been obtained than is now 
available to the authors. 


Results 


Again with the permission of Mr. 
Spray, seventeen full reels at Ace Film 
Laboratories were timed using the com- 
puted data. These reels included a one- 
reel short subject, a four-reel short sub- 
ject, and a_twelve-reel feature. The 
following is the procedure used to time 
the four-reel short subject: 

1. It was first necessary to determine 
the placement of the overlays on the 
graphs for preliminary trial prints. 
Ace Film Laboratories employs a closeup 
of a girl as a test negative to assist in 
balancing production printers to each 
other. This test negative is always printed 
at red printer light 0.30, green printer 
light 0.30, and blue printer light 0.30. 
In this case 0.30 represents a value of 
0.30 neutral density over each light 
source. Prints made periodically from this 
negative on each printing machine are 
examined visually, and any printer 
which is off color-balance is corrected by 
adjustment of the voltage applied to the 
separate lamps. The density of this 
test negative to red, green and blue 
light was measured, and the overlays 
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were placed on the graph so that the 
vertical line was at the measured density 
value of the negative for any one color 
and the horizontal line was at the 0.30 
printer light. As shown in Fig. 5, the 
overlay is placed with the vertical line at 
1.45 (blue density of the test negative) 
and with the horizontal line at 0.30 (the 
blue printer light at which this test nega- 
tive is always printed). This, then, repre- 
sented the predictive situation when the original 
data were taken, in this case several weeks 
previous. 

2. The next task was to determine 
whether the same predictive situation 
existed for the print emulsion and process 
in use at the present time and for the 
particular negative to be timed. One reel 
of the short subject was selected for 
preliminary tests. A reel other than 1-A 
was chosen since main and credit titles 
do not yield particularly accurate in- 
formation on the overall balance of test 
prints. The selected reel, however, should 
include a fair gamut of scenes and most 
certainly should include internegatives. 

3. All of the scenes in the selected reel 
were measured on the densitometer. 
Only one frame for each scene was meas- 
ured and that one was chosen to be 
about ten frames from the head end of 
the scene. 

4. From the measured densities the 
printing lights for about 15 or 20 scenes 
at the beginning of the reel were deter- 
mined from the graphs with the overlays 
in the predictive position for the test 
negative. 

5. These scenes were printed at the 
predicted printer lights. The processed 
print was then examined for an overall 
trend of color balance in one color direc- 
tion. It was determined that the prints 
from original negatives showed an overall 
magenta color balance of about 0.05 and 
were slightly light. Accordingly, the over- 
lays were adjusted on the graphs by 
dropping the horizontal line for the blue 
and red overlays to printer light 0.25 
while leaving the green at printer light 
0.30. This had the effect of darkening 
the print and removing the magenta 
shift. By the same method, a second set of 
graphs was prepared for internegatives 
in which the horizontal line for the red 
overlay was adjusted at printer light 0.125, 
the green overlay to printer light 0.225, 
and the blue overlay to printer light 
0.375. It was hoped that this separate 
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adjustment would produce prints of 
acceptable color balance inter- 
negatives. 

6. All scenes for all reels were then 
measured on the densitometer, and the 
printer lights for all scenes were deter- 
mined from the graphs with the overlays 
in the adjusted positions. The original 
negative graphs were used for all original 
negative scenes, and the internegative 
graphs were used for all internegative 
scenes. No previous information is neces- 
sary to discriminate original negatives 
from internegatives since they can be 
readily selected by a brief inspection of 
the negative frame lines. 

7. The entire four-reel short subject was 
then printed at these predicted printing condi- 
tions with no further testing. 

The prints produced by this timing 
method were examined by projection. 
It was the opinion of the authors that 
about 50% of the scenes in these reels 
required no further color correction, 40% 
of the scenes could be readily corrected on 
the second print by an experienced timer, 
and the remaining 10% of the scenes were 
close enough that an optimum print could 
be achieved on the third trial. 

Those scenes which were not in color 
balance were mostly internegatives. 
However, many of the scenes requiring no 
further correction were also from inter- 
negatives, which indicates that a shift in 
aim point for predicting how these scenes 
should be printed works satisfactorily. 
This emphasizes that if all internegatives 
in a given picture are made alike, 
whether they match the original nega- 
tives or not, it is possible to predict how 
these internegatives should be printed. 

Surprisingly, few scenes showed ex- 
treme “subject failure.”” This is perhaps 
due to the low correction coefficient de- 
termined by the original experimental 
data, which indicates that anomalies in 
exposure and latent-image keeping are 
less important in printing exposure deter- 
mination than is “‘subject failure’ intro- 
duced by the efforts of professional cine- 
matographers to create mood lighting 
and special dramatic effects in feature 
motion pictures. 

An identical procedure was used to 
time the one-reel short subject and the 
twelve-reel feature motion picture. Small 
adjustments had to be made in the posi- 
tion of the overlays for the original nega- 
tives and internegatives of the two 
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different subjects, but these adjustments 
were of the order of +0.05 for any one 
color. 

Once the new aim point had been 
determined, the time required to measure 
the negative on the densitometer, deter- 
mine the printer lights from the graphs 
and prepare the printing time cards 
averaged less than 1} hr per reel for a 
team of two people. The entire timing 
procedure for the twelve-reel feature in- 
cluding aim point determination, densi- 
tometry, and prediction required a total 
working time of less than 12 hr for the 
timing team of two persons, neither of 
whom was a professional timer. 


Conclusions 

The true measure of whether this 
method of timing motion-picture color 
negatives is helpful to a color timer is the 
value placed on it by a timer who has 
seen the method work. The authors dis- 
cussed this point with Mrs. Mae Geller, 
Chief Timer at Ace Film Laboratories, 
without whose splendid cooperation this 
project would never have been possible. 
It was Mrs. Geller’s opinion that this 
method of color timing was of great value 
to the operations at Ace Film Labora- 
tories and would result in substantial 
savings of time, money and toil. 
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Military Theater Equipment 


Modernization 


A comprehensive modernization program of 35mm projection and sound equip- 
ment has been executed for its 120-theater military circuit by the Far East Army 


and Air Force Motion Picture Service. 


High standards of performance capa- 


bilities consistent with limitations imposed by available facilities and film product 
for overseas areas were established. To meet the concept requirements of quality 


professional equipment operated by nonprofessional servicemen projectionists, 
some original designs have been achieved in modification of existing commercial 
equipment and development where no counterpart has been available from trade 


supply sources. 


l He Far East Army and Air Force 
Motion Picture Service is a 


governmental, 


quasi- 
self-supporting agency 
serving military personnel in the Orient. 
Established in 1946, it provides 35mm 
entertainment motion-picture service in 
more than 120 fixed theaters, and services 
over 650 smaller unit accounts with 
16mm sound projectors and reduction 
prints of feature and short subjects. 
‘To meet the command policy of five pro- 
gram changes weekly, 260 features are 
required annually, with five 35mm prints 
and twelve 16mm prints of each booking 
being necessary to satisfy the voracious 
movie appetite of the military forces in 
the Far East. 

The technological revolution, which 
bestirred the motion-picture industry 
beginning in late 1952 after the initial 
success of Cinerama, provided the im- 
petus for a complete and sweeping mod- 
ernization FEAAFMPS 
35mm theaters. All existing equipment 
was over ten years old, mostly surplus 
from World War II garrison employ- 
ment. Careful study, and discussion with 
numerous industry representatives visit- 


program in 


ing Tokyo, indicated that modernization 
planning should be based upon the con- 
cept of “more light on larger screens.” It 
also was obvious that new equipment 
should provide, in addition to best possi- 
ble performance characteristics, a con- 
siderable degree of flexibility with re- 
spect to accommodating further industry 
being 


technical developments still 


churned up in the revolution. 

Military overseas theaters are normally 
multipurpose structures serving all needs 
for group assembly. Average seating cap- 
acity is under 500. A few seat upwards 
of 1000, and the 2600-seat Ernie Pyle 
Theater in Tokyo, now reverted to com- 
mercial operation, was an outstanding 
Presented as two papers on October 4, 1955, at 
the Society’s convention at Lake Placid, N.Y., by 
Robert A. Haines, Executive Engineer, Far East 
Army & Air Force Motion Picture Service, APO 
343, San Francisco. 

(Revised paper combining the essence of the 
original papers, received on March 5, 1956.) 


99 


Fig. 1. Rear view of typical mobile screen 


frame assembly showing platform 
mounted Ampex type 5050 Reproducer 
sets. Screen is a 37-ft width Bodde type 
**B”’ seamless, with center axis brightness 
gain factor of 2.9 X (as compared to 


perfect diffuser ). 


exception to prove the rule. Permanent- 
class facilities, properly designed and 
constructed for theater use, are extremely 
few in number, particularly on foreign 
soil, where American military tenure 
may be highly indefinite. Design factors 
such as suitable proportions, good sight- 
lines, satisfactory acoustical conditions, 
and even adequate ventilation must fre- 
quently be de-emphasized in providing 
any sort of needed theater service. 
Other factors, normally insignificant in 
stateside theater design, may loom very 
important in overseas service. Examples 
are availability of suitable electric power, 
adaptability of the structures to other 
military purposes, and availability and 
turnover rate of qualified projectionist 
personnel. In the following paragraphs 
the various factors involved in our mod- 
ernization planning are discussed in the 
hope that the information will be useful 
to other organizations faced with similar 
problems. 


Screens, Frames and Brightness Levels 
The largest practical screen size for 
each theater was determined by in- 
dividual survey. Seamless specular screens 
were selected to realize high axis bright- 
ness and because surveys indicated lateral 
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viewing angles generally to be under 30°. 
Curved, mobile screen frames were 
designed to improve light distribution 
and to allow stage clearance for other 
activities. Stage loudspeaker systems are 
mounted within the frames for structural 
balance and good sound transmission. 
Figure 1 illustrates the back side of a 
typical installation. 

For reasons to be discussed in connec- 
tion with sound screen 
proportions were chosen to accommodate 
the 2.35: 1 optical CinemaScope aspect 
ratio. However, in no instance was po- 
tential screen height permitted by exist- 
ing proscenium construction — sacrified 
merely to achieve the widest possible 
image. This policy and its corollary, that 
no image height would be reduced below 
that previously employed for  con- 
ventional projection, required compara- 
tively few proscenium alterations. 

The desired initial center screen bright- 
ness, with 75% side-to-center distribution, 
was set at 20 ft-L to allow for screen 
deterioration and less than optimum pro- 
jector operation and local maintenance. 
Spot checks with a brightness meter in 
completed large and small installations 
indicate that this design goal has been 
generally achieved. 


equipment, 


Image Dimensions and Aspect Ratios 
Projection conditions military 
theaters preclude the use of numerous 
interchangeable optical elements and 
complex variable screen masking to ac- 
commodate the various wide-screen 
systems. Productions from all studios 
nevertheless must be run to secure the 
necessary number of program changes. 
In the present instance the problem has 
been satisfactorily solved by using vari- 
able-ratio prismatic anamorphosers, and 
variable-focus projection lens attach- 
ments to allow all pictures at a given in- 
stallation to be projected to the same 
height. These assemblies are readily inter- 
changeable on hook-type brackets affixed 
to the projector mechanisms. Prime lenses, 
which remain in place, are selected to 
produce the standard image height 
from the CinemaScope apertures, and to 
match optical speed of the are lamps in 
use. The variable-focus attachments 
allow the 1.75:1 aperture which was 
selected as the best compromise for 
wide-screen projection of nonanamorphic 
standard prints, also to be imaged at the 
standard height. Fortunately aperture 
centerlines for the various types of prints 
closely coincide, so only the apertures, 
the lens attachments, and the screen 
draw-curtains need to be changed in 
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going from one type of projection to an- 
other. Top and bottom screen roll-off 
masking, and the draw-curtains are pearl- 
gray velveteen, which provides some 
advantages of synchronized screen sur- 
round lighting, and is practical from the 
viewpoint of other military stage uses. 


Light Sources 

Having established the relatively high 
screen brightness standard previously 
noted, simple calculations indicated that 
it could be produced on the selected 
screens of various widths by only two arc- 
lamp types. Simplified high-intensity non- 
rotating carbon lamps operating at 60 
amp are used for all screens up to 30-ft 
wide. The same lamps operated at 70 
amp are used for screens in the width 
range of 30-50 ft. Screens of 37- to 45-ft 
width are illuminated by rotating posi- 
tive, angle-trim reflector lamps operating 
at 90 amp. 

Motor-generator arc power supplies 
are generally impractical for overseas use, 
and d-c mains are nowhere encountered 
in the Far East. Fortunately, newly 
developed 6-phase secondary, fullwave 
selenium arc rectifiers originated in 
Japan became available in time to be 
selected for this modernization program. 
They operate from the 200- to 220-v, 3- 
phase power circuits commonly found 
and deliver rated arc currents with a 
measured ripple content of only 1.6%. 
Resulting arc operating is steady and 
quiet, and flicker in the projected images 
is negligible in spite of their brightness. 
Two of the larger units for 90-amp arcs 
are shown installed in Fig. 6. 


Sound Systems 
As a_ basic operational principle, 
military motion-picture service organiza- 
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Fig. 3. The AM-8002-B Integrator Panel lowered to service access position shows 
carrier frequency shift slide switches. Removal of two thumbscrews at front edge of 
chassis permits reverse turnback of pan for full access to under-chassis components. 


tions endeavor to provide the same 
quality of picture and sound in all situa- 
tions. Equipment standardization not 
only conforms to this principle, but also 
facilitates operation by constantly chang- 
ing personnel and reduces maintenance 
costs. Standard commercial projector 
mechanisms and optical soundheads of 
recognized quality were therefore selected 
for all theaters. It long since has been 
found in military theater service opera- 
tions that the best equipment proves 
also the cheapest in the long run. A 
typical projector assembly is shown in 
Fig. 2. 

A majority of the 35mm prints cur- 
rently available to overseas operations 


Fig. 2. Typical installation view of PAM-8002-A Perspecta Integrator assembly with 
Pushbutton Controller panel. Lefthand assembly comprises Simplex X-L, RCA MI- 
9030-BC and Strong Mighty ‘‘90’’ on LL-1 Heavy-Duty Pedestal. 
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carry either single-channel, or Perspecta 
directional optical soundtracks. This 
practice directed the present installation 
of reproducing equipment only for such 
soundtracks, but the sensible proviso was 
kept in mind that sound equipment 
selected should provide a ready basis for 
later conversion to magnetic stereophonic 
sound when and if distribution patterns 
change. 

Available Perspecta Integrators did 
not include sufficient emergency facilities 
to insure continuity of performance in the 
the remote situations normal to overseas 
operations. Furthermore, they did not 
include facilities for useful operation and 
control of the side channels in the absence 
of control tones from normal single- 
optical soundtracks. The Japanese Per- 
specta licensee cooperated in the design 
and production of military models which 
do meet such requirements. The first 
version, shown installed in Fig. 2, in- 
cluded manually controlled tone oscilla- 
tors to simulate the Perspecta control 
frequencies. Vertical attenuators for the 
two side channels identify this portion of 
the assembly. Immediately below is a 
panel supporting dual preamplifiers. 
Normally one is connected to each sound- 
head, with changeover being effected by 
switching the appropriate output circuit 
to the Integrator input circuit. Emer- 
gency operation on one preamplifier is 
provided by another rotary switch 
which allows the input of either pre- 
amplifier to be connected to the output 
of either soundhead, thus transferring to 
this switch the changeover function. 

Preamplifiers incorporate internal gain 
controls and phototube polarizing volt- 
age potentiometers for machine balanc- 
ing. The integrator proper occupies the 
lower portion of the cabinet. Its circuitry 
has been previously described in the 
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literature. The present version is stand- 
ard except for the mechanical layout 
shown in Fig. 3, and the inclusion of small 
slide switches on the top of each filter 
can to shift bandpass filter character- 
istics downward 4 cycles to accommo- 
date the chronically low power line fre- 
quencies encountered in many portions 
of the Far East. Independent, dual power 
supply units for the preamplifier and inte- 
grator panels are located on the right 
side of every main amplifier cabinet. 
Manufacturing and operating experi- 
ence acquired from application of the 
first 25 equipment sets produced and in- 
stalled allowed considerable design sim- 
plification, cost reduction, and improved 
performance and reliability in an addi- 
tional 78 sets required. Control tone 
discarded in 
direct bias control of each integrator side- 


oscillators were favor of 


channel, variable-gain output stage dur- 
of the 3-channel 
and the change- 
over and emergency switches, were moved 
up into the space vacated by the oscilla- 
tors, reducing overall cabinet height by 
t in. as shown in Fig. 4. A third posi- 
tion was added to the changeover switch 


ing manual operation 
system. Preamplifiers, 


5 


Fig. 4. Front view of PAM-8002-B 
Integrator with latest series 
Controller. 


Fig. 5. View of PAM-8002-B Integrator with Preamplifier panel 
drawn outward and turned down for service adjustments and 
access to internal Cabinet terminal board. 
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to handle a permanently connected 
record player circuit in this more con- 
venient manner as compared to the plug- 
and-jack arrangement in the first model. 
The preamplifier-control panel pulls 
forward on rails and tilts downward on 
hinges provide the ready service 
shown in Fig. 5. Pre- 
amplifiers are located at either side of the 
chassis pan. Next inward are the vertical 
attenuators which provide manual con- 
trol of side-channel gain, and which are 
internally illuminated whenever they 
are advanced from the infinite attenua- 
tion setting. The ganged master gain 
control for the three-channel sound 
system is in the center. 

The initial Integrator’s toggle control 
switches have been replaced by a three- 
position rotary master function switch 
and indicating pilot lamps. In its ‘Per- 
specta” position the integrator functions 
normally for Perspecta soundtracks, in- 
cluding automatic reversion to single- 
channel operation on control tone inter- 
ruption. In the “Manual” position side- 
channel gains are controlled by the two 
vertical attenuators. In the third “By- 
pass” position, both indicator lights re- 


to 
accessibility 


Fig. 6. Typical installation view of Ampex APX3-30 Sound 
Cabinet Rack and a pair of Sansha SRH-100-GX 100-ampere 


Projection Selenium Arc Rectifiers. 
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main dark and integrator circuits are 
entirely bypassed through a simple gain- 
equalizing network connecting the pre- 
amplifier output directly to the center 
channel main amplifier input circuit, an 
important emergency feature consider- 
ing the number of tubes and components 
in the integrator. 

American-made power amplifiers, ex- 
citer lamp power supplies and monitoring 
panels are mounted in cabinet-type racks 
as shown on the left in Fig. 6. The lighter- 
finish panel near the bottom is a custom- 
built automatic line voltage regulator. 
Far Eastern power circuits are unfor- 
tunately subject to both poor voltage 
regulation and poor frequency regulation, 
the latter ruling out the use of resonated 
voltage regulators. Little’ can be done 
about the frequency shifts other than to 
provide correct drive-gear ratios for the 
nominal frequency, together with meas- 
ures already described in the integrator 
circuits to accommodate  subnormal 
control frequencies. Electromechanical 
voltage regulators can provide very 
steady voltage, however, and radically 
reduce cases of poor performance and 
equipment failures caused by low line 
voltage or heavy surges. The regulators 
incorporate a line sampling unit consist- 
ing of thyratrons in a bridge circuit which 
controls through relays a 2-phase servo 
motor geared to a variable autotrans- 
former. This in turn is coupled to a line 
transformer and reactor to add or sub- 
tract corrective voltages as required. 
Output voltage is maintained at any 
selected value between 110 and 120 v for 
single-phase input voltages in the range 
of 80 to 120 v, 45 to 60 cycles. Maximum 
power rating is 2 kva. Waveform distor- 
tion is zero, and recovery time on input 
voltage surges is 0.08 sec, v. 


Dual-Projector Controller 


Possibly the most unusual feature of 
the FEAAFMPS 35mm theater installa- 
tions, the Dual-Projector Controller par- 
takes of the nature of automation, a sub- 
ject currently receiving much attention 
in American industry. Throughout mili- 
tary theater history a basic requirement 
has been enforced that two projectionists 
must be on duty at all times during per- 
formances. This requirement was fully 
warranted by safety considerations when 
nitrocellulose base.films.were in use, but 
justification is more difficult since all new 
features are distributed on safety base 
stock. Furthermore, qualified projection- 
ists grow more scarce as military man- 
power shrinks, and inevitable personnel 
rotation makes it even less likely that 
servicemen having the necessary training 
and skill to put on smooth, professional 
shows will remain long at any particular 
installation. Therefore, considerable en- 
gineering time and development expense 
have been devoted to centralizing pro- 
jector controls, and to providing for auto- 


Haines: 


matic performance of some of the 
operating functions which otherwise call 
for professional skill and good timing 
sense. 

The Dual Projector Controller is the 
uppermost panel in the Preamplifier inte- 
grator cabinet (Figs. 2, 4 and 7), which is 
always mounted between the two projec- 
tors directly under the observation port, 
thus placing its five control pushbuttons at 
convenient operating height. Above the 
pushbuttons are arrow-shaped _alter- 
nately illuminated indicators to show 
which projector is set up for starting, and 
a center pilot lamp to indicate that con- 
trol relays are powered. The first button 
on the left starts the arc rectifier of the 
incoming machine, after which its lamp 
is struck manually. The next button to 


changeover cycle and preserves status 
quo in the event of false starts of the 
incoming machine. The “Master Stop” 
button on the extreme right breaks all 
relay holding circuits, thus providing 
immediate cutoff of all operating func- 
tions for emergency stops. 

An interior view of the Controller is 
shown in Fig. 7. Sequential transfer of 
operating function is effected by a multi- 
point, six-level rotary switch located be- 
low the octagonal cover on the right. 
Alternate contacts on each level are 
wired in parallel so that in effect it be- 
comes a 6-pole, double-throw mag- 
netically operated stepping switch shown 
schematically in Fig. 8. Contact wipers 
are advanced by spring action when the 
operating coil is de-energized, thus ac- 


Fig. 7. Chassis layout of latest Dual Projector Controller. Note protective rim guards 


the right is depressed when the show is 


to start, or when the motor start cue of 


an outgoing reel appears on the screen. 
It starts the motor of the incoming ma- 
chine and initiates the automatic change- 
over cycle via relays and thyratron delay 
circuits. Other relays complete the cycle, 
after an appropriate interval for film 
runout, by shutting off the motor and arc 
rectifier circuits of the outgoing machine. 
During the cycle, necessary conditions for 
changeover in the opposite direction are 
established. 

The pushbutton marked 
“Changeover” interrupts the thyratron 
timing action and reverses the present 
direction of the controller 
desirable, for example when there is 
need to switch back and forth rapidly 
between machines to check light balance. 
This button and the two “Stop”? buttons 
on the right are provided with metal 
guard rims to prevent accidental opera- 
tion, since they are not normally used. 

The ‘‘Selector Stop” button to the right 
of the ““Changeover” button inhibits the 


center 


whenever 


over ‘‘Changeover,”’ ‘‘Selector Stop’’ and ‘‘Master Stop’’ buttons. 


actual 


transfer after the 
changeover has been made. This switch 
was chosen because of its ready local 
availability and because of inherent de- 


complishing 


lay in its actuation mechanism. It 
operates on 48-v d-c provided by the 
bridge-type selenium rectifier occupying 
the center, rear portion of the chassis. 
Timing chain, cutoff, and changeover 
relays also operate from this supply, as do 
the selfholding power relays for ar¢ 
rectifier and motor circuits. The relays 
occupy the lefthand portion of the chassis, 
along with the two miniature, shield grid 
thyratons which control their operation. 

Referring to the schematic diagram, 
Fig. 8, which shows the sequence switch 
in position for starting the LH, or #1 
machine, operation of the “Are Start” 
button pulls up relay RL-5, which locks 
in via its holding contacts. The 
relay, RL-6, similarly locks in when the 
“Motor Start” 
Simultaneously this button applies power 
to the timing chain start relay, RL-2, 
which locks in via its holding contacts, 


motor 


button is depressed. 
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and completes the power circuits to the 
two thyratrons, T-1 and T-2. Each is 
provided with a control grid RC network 
and adjustable bias to control the firing 
When T-1 


circuit relay RL-3 operates an associated 


delay time fires, its plate 
microswitch applying power to the ma- 
chine dousers, opening #1 and closing #2. 
Delay 


the motor starting time and correspond- 


time initially is adjusted to suit 
ing standard film threading. The operat- 
ing coil of RL-3 is shunted by the con- 
siderable capacity of 100-uf to afford very 
slow release and thus adequate contact 
dwell for positive operation of the dousers. 
RL-3 also energizes the stepping magnet 
of rotary sequence switch, RL-1, and 
extinguishes T-1 by breaking its supply 
circuit. When RL-3 releases, the sequence 
switch advances one step, setting up 


circuitry for the next changeover in 
the opposite direction. Subsequently 
thyratron T-2 fires, being adjusted 


for about 13-sec delay, and its plate cir- 
cuit relay RL-4 breaks power to the 
holding coils of the arc and motor relays 
of the outgoing machine, and of the 
timing chain start relay, RL-2. The latter 
relay breaks the power supply to T-2, 
thus extinguishing it to place the system 
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Fig. 8. Circuit schematic of semiautomatic Dual Projector Controller. 


in readiness for the next cycle. Function- 


ing of the “Changeover,” ‘Selector 


Stop” and “Master Stop’? pushbuttons 
in manual overcall of the automatic 
operations is self-evident from the dia- 
gram. Arc rectifier and motor relay ex- 
ternal circuits contain the usual switches 
in parallel for manual or emergency 
operation. 

While it would be simple enough to 
have the controller also effect the sound 
changeover, experience has shown that in 
changeovers between different film sub- 
jects, dissimilar sound and picture timing 
is frequently desirable. Also, one of the 
best emergency features of the pre- 
amplifier-integrator assembly may re- 
quire at times the operation of the pre- 
amplifier ““Emergency”’ switch, rather 
than the normal ‘Fader’ switch, for 
sound changeover. 

Field experience so far with the Con- 
troller bears out that all possible operat- 
ing requirements and contingencies have 
been covered in its design, and that a 
single military projectionist can put on 
shows rivaling in smoothness and overall 
quality those customarily encountered in 
the better stateside commercial opera- 
tions. 


April 1956 Journal ofthe SMPTE Volume 65 


Acknowledgments 

Credit is due and is extended to many 
representatives of American and Japanese 
equipment firms, too numerous for in- 
dividual mention, who supplied advice 
and cooperation during the moderniza- 
tion program, planned and coordinated 
by the author. Specific credits are ex- 
tended, however, to Dr. K. Takayanagi 
and Messrs. Hayashi and Hirao of the 
Victor Co. of Japan, Ltd., Engineering 
Dept. for their tireless and worthy efforts 
in producing the Integrators under con- 
siderable time pressure; to the brothers 
Chuji and Tadayoshi Sakai of Ko-on 
Denpa Co., Ltd., for accurate interpreta- 
tion of design concept and production of 
the Controller; and to Ross H. Snyder of 
Ampex Corp. for outstanding service. 
Procurement assistance rendered by the 
parental Army and Air Force Motion 
Picture Service in the states likewise de- 
serves especial mention. Finally, the 
able and constructive contributions of 
the author’s technical associates in his 
own organization, and firm and un- 
stinting support of its Director and of 
those military authorities charged with 
supervision of its mission and _ policies, 
are most gratefully acknowledged. 


} 
V 


The Testing of Plastics for Use in Contact With 
Photographic Processing Solutions 


This report outlines the considerations involved in the design and interpretation 
of experiments to evaluate plastic materials for use in contact with photographic 
processing solutions. Some of these considerations are: selection of plastic surface- 
area-to-volume ratio, preparation of the plastic sample for testing, designing the 
photographic evaluation, and interpreting the results in a nonstatistical manner. 
Information is also included summarizing the results of similar tests which have 


been run. 


Sm usE of stainless steel as a material 
photographic 
processing equipment has been quite 
generally accepted. Nonetheless, it has a 
tendency to be attacked by certain 
bleaches, is difficult to fabricate, is not 
flexible, and is expensive. There has 
been considerable interest in the use of 
plastics as substitutes for tanks and 
piping in those locations where stainless 
steel is inadequate as well as where it is 
satisfactory except for cost. In contrast 
to what occurs with some metals, the 
corrosion characteristics at the  air- 
liquid-plastic interface were found to be 
no different from those at the liquid- 
plastic interface. 

The danger of producing a detrimental 
photographic effect by using an un- 
tested plastic material is not very great 
if the plastic is preseasoned in the solu- 
tion to which it will be exposed and if it 
will be used at a low ratio of surface area 
to volume, or if the system in which the 
plastic is incorporated contains solutions 
that are continuously replenished. Even 
if these conditions can it still 
may be uneconomic to use an untested 
plastic. A general scheme for testing 
such plastic materials is given in this 


of — construction for 


be met, 


paper. 
Design of the Test 

Certain properties of plastic materials 
in relation to photographic processing 
solutions must be considered in design- 
ing the test. (1) The surfaces of many 
plastics become contaminated by finish- 
ing operations or handling. Such mate- 
rials can be made useful by ‘‘seasoning.”’ 
Materials of this type can be deter- 
mined by successively immersing the 
sample in fresh portions of processing 
solution and examining the solution 
photographically and chemically, until 
no further contamination is observed. 
(2) Other materials may continue to 
progressively contaminate a single batch 
fresh batches of solution 
with continued exposure. Such effects are 
usually caused by the slow diffusion of 
plasticizer from the plastic or by de- 


or successive 
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composition of the plastic by continued 
contact with the processing solution. 
In this case, it may be advantageous to 
use the material because of its desirable 
properties and in spite of the contamina- 
tion that results. It is necessary then to 
determine the degree of contamination 
that can be tolerated without producing 
significant photographic effects. A proc- 
essing solution is treated with an ex- 
cessive amount of plastic and then di- 
luted with fresh solution. Photographic 
tests will then indicate whether a re- 
plenishment system will eliminate the 
contamination. 

If one has at his disposal sensitometric 
exposures, densitometry, and a process- 
ing machine in which he can test several 
variations at one time, and if he knows 
the inherent variability of emulsion plus 
process plus machine, then the problem 
of running and interpreting the photo- 
graphic test is not very great. However, 
since these machines are not generally 
available, and also since they do not 
represent the system to be evaluated, 
some improvisation is necessary. The 
basic design of the experiment described 
below is identical whether carried out 
on sensitometric equipment with a high 
degree of control or on available simple 
equipment. Interpretation must be based 
on the amount of control in the experi- 
ment. The design presented below per- 
mits the detection of an unsatisfactory 
material, although this design may be 
incapable of efficiently comparing fun- 
damentally good or 
rials. 

It is desirable to run the test under 
slightly more severe conditions than 
the material will encounter in actual 
practice. However, exaggerations should 
be made only in conditions such as time, 
area-to-volume ratio, and perhaps agi- 
tation. It would be misleading if tests 
were run in which temperatures, pH, or 
other factors normally influencing chem- 
ical reaction rates were varied. 

The specific example to be considered 
is the proposed use of polyethylene sheet 
as a floating cover on a processing tank 


borderline mate- 


for storing an Eastman Color Negative 
Color Developer. The area of the cover 
to be exposed to the developer in a 
2000-liter tank is approximately 8000 
sq cm, or 4 sq cm per liter (lower side 
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only). The time of exposure could be 
overnight or over a weekend. This ma- 
terial is homogeneous and may be cut 
as desired. 


Preparation of the Contaminated 
and Standard Color Developers 

Three liters of fresh Eastman Color 
Negative Color Developer (tank for- 
mula) should be prepared or 3 liters of 
seasoned solution should be used to fill 
completely two 1-liter glass-stoppered 
bottles. Polyethylene sheet in the amount 
of 4 sq cm is inserted into one of the 
bottles. This plastic-area to developer- 
volume ratio is now about twice (100% 
excess considering both sides) what would 
be encountered when the polyethylene 
is used as a floating cover. Both bottles 
should be stored under identical con- 
ditions for two to three days. 


Chemical Testing 


At the end of the contaminating 
period it may be desirable to analyze 
both bottles of color developer to see 
what specific chemical concentrations 
have changed owing to the contamina- 
tion. If an ultraviolet spectrophotometer 
is available, a complete absorbance 
curve of both developers is sometimes 
revealing. A significant difference be- 
tween spectrophotometric curves is not a 
primary basis for rejecting a material 
but it may explain an unsatisfactory 
photographic effect. 


Photographic Testing 

Photographic testing can be carried 
out in 1-liter graduated cylinders im- 
mersed in a 70 F constant temperature 
bath. Fresh tank formulas of Prebath, 
First Fixing Bath, Bleach, Second Fix, 
Stabilizing Bath and Wetting Agent can 
be prepared, or solutions from seasoned 
tanks may be removed from an operat- 
ing processing machine. Two test ex- 
posure strips are processed simulta- 
neously through the Prewash, separated 
for the contaminated and standard Color 
Developers, and processed together for 
the rest of the process. It may be possible 
in some laboratories to carry out all the 
processing operations except develop- 
ment by dipping the test exposure strips 
in the large machine tanks. The above 
test, using two more test exposure strips, 
should be repeated. 


Interpretation of the Photographic 
Test 


Interpretation of the photographic 
test consists of deciding whether or not a 
real photographic difference exists be- 
tween test-exposure strips processed in 
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Table I. Solutions in Which Rigid Materials Are Satisfactory Table II. Solutions in Which Flexible Materials Are 


at Ratios of 75 Sq Cm per Liter or Less. 


Process for 
ECN 5248 ECP 5382 


Process for 


Type and Name of Material ECN 5248 ECP 5382 Type and Name of Material 
Rubbers and Synthetic Rubbers: 


Goodyear Wingfoot Hose 


Polyvinyl chloride: 
\Ampcoflex 
Arnold & Richter Plastic 
Atlas Pee Vee Cee 
Boltaron 
Koroseal 


Developer 
Bleach 
Developer 
Developer 
Bleach 
Prewash 
Developer 
Bleach, Fix 
Developer 


Bleach 


Developer 
Bleach 

No test 
Developer 
Bleach 
Prewash 
Developer 
Bleach, Fix 
Developer 
Bleach 


Bleach 
Developer 
Bleach 
Developer 
Developer 


Bleach 
Developer 
Bleach 
Developer 
Developer 


Gum Rubber, 3-in. Tubing 
Rubber Valves 


Pol Neoprene N7 Valve Diaphragms 
olystyrene: 
Arnold & Richter Styron 475 
Fico-Fiberglas Impregnated 


Developer 
Developer 
Bleach 

Developer 


Bleach 


Developer 
Developer 
Bleach 

Developer 


Bleach 


Radiator Hose 
Polystyrene-Fiberglas Impregnated 
Polyvinyl Chloride: 
Koroseal (Plasticized ) Tubing 
Koroseal Sheeting 


Developer 
Prewash 
Developer 
Fix, Bleach 


Developer 
Prewash 
Developer 
Fix, Bleach 


Copolymers 


Uscolate (Polystyrene and Buna N 

or S No Test Prewash 
Developer 
Fix, Bleach Polyethylene: 


Semi-Rigid Pipe Developer No test 


Bleach 


Saran Pipe (Copolymer of Vinyli- 
dene Chloride and Vinyl Chlo- Developer 
ride) Bleach 
Developer 
Bleach 


Developer 
Bleach 
Developer 


Bleach 


Copolymers: 
Saran Fitting 
Developer 


Bleach 


Developer 
Bleach 


Saran Tubing 
Phenoli Resins: 


Bakelite Modified Vinyl Resin: 


Iygon Tubing 


Developer 
Bleach 
Developer 
No test 


Developer 
Bleach 

Developer 
Developer 


Developer 


Developer 


Synthane (Laminated) 


Phenoline 300 (Paint) 
If the effect is small, it may be dis- 


regarded in view of the other benefits of 
floating covers and of the fact that the 
test was made under more severe con- 
ditions than will be encountered in 
practice. 

If no effect is observed, proceed to cut 


Polytetrafluorethylene: 
Prewash 
Developer 


Fix, Bleach 


Prewash 
Developer 
Fix, Bleach 


Chemiseal 


Clear Cast Alkyl Diglycol Carbonate: 
CR-39 
Epoxy 


Epoxy Hysol 


Developer No test 
a cover for the storage tank. 
Developer 
Bleach 
Developer 


Developer 
Bleach 


Developer 


Restrictions 


\raldite In common with other laboratory data 
leryle some risk is involved in extrapolating 
from these tests to production conditions 
because : 

(1) The compositions of proprietary 

products are so subject to change that 
extrapolation of the data to future com- 
Developer positions is not justified. 
Bleach (2) The identity and amount of 
plasticizers present in the particular for- 
mulation may have more to do with its 
photographic effect than the main com- 
ponent itself. 

(3) Laboratory tests are of limited 
duration and as such are incapable of 
predicting long-term physical and me- 
chanical changes. 


Developer 
Bleach 
Developer 
Bleach 


Developer 
Bleach 
Developer 


Bleach 


Lucite 


Plexiglas 


Polyamide 
Nylon Developer 

Bleach 

llulose Acetate Butyrate 

Prewash 

Developer 

Fix, Bleach 


Prewash 
Developer 
Fix, Bleach 


Tenite II (96 hours’ preseasoning 
recommended ) 


should be close to standard for most re- 
liable conclusions. 


the standard and in the contaminated 
color developers. A real difference is 


deemed to exist between the developers 
when the pictures and strips show dif- 
ferences greater than normal process 
variability. 

(1) If a densitometer is available, the 
test strips should be measured as a basis 
for making comparisons. If the densi- 
tometric differences between the two 
strips through the contaminated de- 
veloper are small and the differences be- 
tween the two standard test-exposure 
strips are small, the significance of the 
difference between the two sets of strips 
can be appraised. The standard strips 
228 


(2) If no densitometer is available, the 
four test-exposure strips should be coded 
and submitted to several qualified indi- 
viduals for examination. Each individual 
should try to select two as being different 
from the other two. If the individuals 
cannot make this selection or cannot 
agree, the variability in the process is too 
great to be conclusive, or there is no 
significant photographic effect. 

Action 

If a large photographic effect is ob- 
served, one would do well to consider a 
substitute material. 
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(4) The surface-area-to-volume ratios 
are usually selected to fit specific needs. 
It is reasonable to conclude that lower 
ratios of plastic surface-area to solution- 
volume would be less harmful whereas 
higher ratios might make a satisfactory 
material unsatisfactory. 

(5) Some of the materials classified as 
unsatisfactory might conceivably become 
satisfactory by extended contact, i.e., 
seasoning, with the appropriate process- 
ing solutions used in a continuous proc- 
essing machine. The reverse may also 
be true. 


PO Satisfactory at Ratios of 75 Sq Cm per Liter or Less. 
— 
— 


Tables I and II include the results of 
tests similar to the test described above. 
Several rigid and flexible plastic mate- 
rials have been found to be satisfactory 


in the Eastman Color Negative and 


Print Film solutions listed. 


news and 


40-Year Society Index 


An Index for the Society’s 7ransactions 
and Journal for 1916-1955 is being pre- 
pared. 

It will contain the usual Author Index 
and a Subject Index similar to those in 
each volume index and in the Society’s 
past cumulative indexes—1916-29; 1930 
35; 1936-45; and 1946-50. 

Choosing the Subject headings for this 
type of index is most important; therefore 
the Editor will welcome advice and sug- 
gestions in order to avoid errors or omissions 
such as have occurred in the past. 

Also, please call the Editor’s attention 
to errors or omissions in entries in any of 
the past indexes. Although copy for the 
40-Year Index will be held against the 
Journal pages, the copy will be initiated 
from the past indexes. 

Plans now are for the format to conform 
to the present 8} X 11} in. size of the 
Journal rather than the former 6 X 9 in. 
size. 

Distribution plans are for special pre- 
publication order and price arrangements 
for members at time of publication and for 
active sales to libraries and subscribers.— 


Ed. 


How to Get a Copy of “Old” 
Articles in the Journal 


First, the Society has in stock back issues of 
almost all the months and years of the 
Journal and the Transactions. If you do not 
have a copy, send for “List of SMPTE Pub- 
lications”’ which lists the few not available. 
Back issues are available to members at 
10°), discount on $2.00 for one-part issues 
and $2.50 for special two-part numbers. 
Second, brief articles may be purchased 
a little more economically, compared with 
buying back-issues, in the form of photo- 
stats from a library. Also, articles from out- 
of-stock issues can be gotten as photo 
copies. Many libraries offer this service 
which has many alternatives such as be- 
tween dull or glossy finish; microfilms; 
minimum and maximum charges; prepay- 
ment, deposit or invoicing procedures. 
Detailed charges and suggestions should be 
available from your local library. The in- 
formation and services are interesting as 
made available to anyone inquiring of: 
(1) Engineeri::g Societies Library, 29 
West 39th St., New York 18; and (2) Photo- 
graphic Service Div., The New York Public 
Library, 5th Ave. and 42 St., New York 18. 
Third, microfilms are available to mem- 
bers of the Society and subscribers to the 


Discussion 


J. I. Crabtree (Eastman Kodak Co.): Have you 
found any plastic which does not have a tendency 
to become stained with dye solutions? I have 
particularly in mind of course the use of plastics 
for construction of trays and small tanks. I 
have not to date come across any which do not 
stain badly and become scratched very easily. 


—— 


The scratches in turn accumulate dirt so that it is 
difficult to keep a plastic material clean. 

Mr. Hutchins: We have not found a white, or 
near-white material that does not stain. 

Mr. Crabtree: What is the effect of alcohol solu- 
tions on, say, Tygon, or have you not investigated 
the effect of organic solvents on the plastics? 

Mr. Hutchins: We have not made such tests. 


reports 


Third International Symposium on High-Speed Photography 


A note from the man in the U.S.A. who has all the information: 


The Third International Congress on High-Speed Photography will be held in London, 
September 10th to 15th, 1956. The Congress is being sponsored by the Department of 
Scientific and Industrial Research of the Government of Great Britain. 

The preliminary program has just been received and it promises to be the finest yet to 
be presented. Approximately SO papers will be presented by scientists from all over the 
world. Among them will be Schardin, Fayolle, Naslin, Courtney-Pratt and Chesterman. 

At the Second Congress it was decided the proposed date for the Third International 
Congress should tie in with Photokina (an international exposition of photographic 
equipment) which is held in Cologne. Consequently, Photokina will follow the Third 
International Congress two weeks later, and an air tour has been arranged by Pan 


American World Airways. 


Departure is scheduled from Idlewild Airport, New York, September 7th at 5:30 
P.M. on flight No. 70. We will arrive in London, Saturday, the following morning, at 
9:20 A.M. The tour will be a month in all consisting of one week in London, one week in 


Paris, several days in Geneva and a week in Cologne. Excellent accommodations will be 


provided. Tours to Government installations in Paris, Geneva and Cologne are being 


arranged for the men. For the ladies, a special series of tours are being lined up. 
This will be a trip that you will never forget and it is hoped that you will join our 
party on the SUPER 7 Non-Stop to London. The complete itinerary, prepared by Pan 


American, will be sent anyone interested. 


Journal upon application to University 
Microfilms, 313 N. First St., Ann Arbor, 
Mich. University Microfilms are made by 
years (2 volumes per year) beginning with 
volume 54 (1950) at costs ranging from 
$3.45 per year, depending on the size of the 
volumes included in the year. Volume 64, 
which is the first annual volume, costs 
$2.25. 


Education, Industry News 


‘‘Photokina,’’ an International Photo and 
Cine Exhibition, will be held in Cologne, 
Sept. 29—Oct. 7, 1956. On exhibit will be 
cameras, plates, 
photo literature, photographic papers, re- 
producing apparatus, light sources, labora- 
tory requisites, projectors, enlargers, stands, 
optics and films. American representative 
for Photokina is the German-American 
Trade Promotion Office, Suite 6900, 350 
Fifth Ave., New York 1. 


chemicals, accessories, 
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JOHN H. WADDELL 
88-06 Van Wyck Expressway 
Jamaica 1, N.Y. 


A second International Photographic Ex- 
position is being planned for March 22-31, 
1957, in Washington, D.C. The first such 
meeting was held in Paris in May 1955. 
Cancelling their own regular annual trade 
meetings, to participate are the following 
associations: National Assn. of Photo- 
graphic Master Photo 
Dealers’ & Finishers’ Assn., Photographers 


Manufacturers, 


Assn. of America, National Assn. of Press 
Photographers, and Photographic Society 
of America. In the National Guard Armory 
in Washington, 135,000 sq ft of exhibitions 
will be open to the trade and professional 
photographic people in the daytime and to 
consumers in the evening. 


The National Association of TV Film 
Directors has released the results of an 
initial survey on nation-wide film room 
practices. William L. Cooper, Jr., Film 
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Director of WJAR-TV, Providence, R.I., 
founder of the Association and now Chair- 
man of the Technical Standards Committee 


which conducted the survey, has released 
the preliminary findings 

Through the District Chairmen of the 
organization, every TV station in the 
country was reached, Ten questions were 
asked, and answers received indicated the 


follow Ing 


The one detail that gives the most trouble in film 
room operations 

Films that arrive late 

Repairing film received in damaged 
condition from the distributors, due 
to improper inspection by them 

Editing features to fit time slots 

Blocking out old cues 

Syndicated shows not marked for 
commercial inserts 

Dirty film; lack of time to preview; 
lack of time to keep required 
records; last-minute changes; re- 

quests to tranship film without 

provision of shipping cases; not 

knowing what to do with spots after 


schedule is completed Remainder 


The one detail that gives the least trouble in film 
room operations: 

Preparation of syndicated programs 

Shipping 

No answer 

Inspecting; splicing; timing; clean- 


ing; scheduling; screening Remainder 


Cuing 

5 & 1 Sec 38% 
Audio and visual cues only 14% 
9&7&2;10&5&1;3&1 
Other methods Remainder 


Have you abolished hand-type punch cuers yet? 
Yes 91% 
No 9% 
Society numbered leader on all film: 
Yes 51% 
No 33% 
Sometimes 
Records for transshipment of films: 
Card file 
Shipping ledger 
Notices posted on film room wall 
Daily shipping report 
Different colored cards that travel 
with films; cases for transshipment 
put on a special shelf; advance 
typed labels; permanent shipping 
schedule; express company’s own 


waybill book Remainder 


Ideas and suggestions of problems needing dis- 
cussion: 

Standard cue 40% 

Better checking for print quality by 
distributor 

Better system for transshipments . 12 

How to clean film properly 

Standard method of shipping charges 

New equipment better suited for TV 


990 


use 
Standard type of leader supplied on 
all film 
Replacing cuts in wrong sequence; 
standardization of spot commer- 
cial markings; negligence of dis- 
tributor on confirmations; not re- 
ceiving enough commercial spots 
during a heavy campaign; others. 
Remainder 


230 


A Report from the Association of 
Cinema Laboratories 


Directors and Officers elected. Member- 

ship growing Work progresses on 

nonmenclature. . Plan to set up a central 
office. 

With its January 26, 1956, annual meet- 
ing in New York, the Association of Cinema 
Laboratories, Inc., began its third year as a 
formal organization. 

The Membership Chairman, Kern 
Moyse, announced 43 active members, in- 
cluding 5 in the West, 8 in Canada, 13 in 
the New York area, 3 in the Washington 
area, 3 in the South and Southwest and 10 
in the Midwest. He also reported a number 
of inquiries regarding membership from 
other countries. 

An amendment to the bylaws to cover 
associate memberships was read and ex- 
plained by Mr. Moyse. He stated that sev- 
eral non-laboratory firms had expressed an 
interest in helping with Association work, 
and that the Board of Directors had com- 
missioned him to prepare the amendment 
necessary for their membership. By unani- 
mous vote, the amendment was adopted. 
It establishes associate memberships with all 
rights and duties except the right to vote. 

New directors elected were Byron Rouda- 
bush of Byron, Inc., and Neal Keehn, The 
Calvin Company, for two-year terms; Don 
M. Alexander of Alexander Film Co., 
James A. Barker of Capital Film Labora- 
tories, Louis Feldman of Du Art Films 
Laboratories, Russell Holslag of Precision 
Film Laboratories, and Kern Moyse of 
Peerless Film Processing Corp., for one- 
year terms. Directors serving through 1956 
are Geo. W. Colburn of Geo. W. Colburn 
Laboratory, and Saul Jeffee of Movielab 
Film Laboratories. 

The election of directors was the last 
order of business of the annual meeting and 
was followed by a Board meeting. Reelected 
by unanimous vote of the directors were 
Neal Keehn, Vice-President of The Calvin 
Company, as President; Russell Holslag, 
General Manager of Precision Film Labo- 
ratories, as Vice-President; Geo. W. Col- 
burn, President of Geo. W. Colburn Labo- 
ratory, as Treasurer; and Byron Rouda- 
bush, President of Byron, Inc., as Secretary. 
These officers consented to serve one more 
year on the understanding that none of 
them be available for reelection for the same 
office the next year, and that an attempt 
would be made to establish a paid secretary 
sometime during the coming year, to orga- 
nize more efficiently the growing volume of 
work involved in Association activities. 

The Secretary reported that the Asso- 
ciation’s recommendations for the prepa- 
ration of 16mm A&B rolls, marking of the 
16mm workprint for optical effects, and the 
preparation of 16mm leaders had been 
widely reproduced in various trade publi- 
cations, and that there had been a heavy 
demand for the Association’s own explana- 
tory sheets. The Treasurer reported a cash 
balance of over $2,000, with no large bill- 
ings due. Russell Holslag, Chairman of the 
Nomenclature Committee, reported on a 
preliminary listing of 20 laboratory terms 
which had been developed by his committee 
and was to be submitted to the entire mem- 
bership for consideration and comment, 


April 1956 Journal of the SMPTE Volume 65 


By NEAL KEEHN 


leading to eventual acceptance for common 
usage between laboratory and producer. 

Guest speakers included William H. 
Metzger of Ansco, Victor M. Salter of 
Du Pont Photo Products, Jack Squires of 
Williard Pictures Inc., and E. M. Stifle of 
Eastman Kodak Co. 

Mr. Squires spoke on the subject of the 
producers’ problems in dealing with the 
laboratory. The three film manufacturers’ 
representatives outlined new film stocks 
recently introduced or expected. 

The Association has as its primary pur- 
pose the development of standard labora- 
tory methods and practices. For member- 
ship information, write Mr. Kern Moyse, 
Peerless Film Processing Corp., 165 W. 
46 St., New York 36. The roster of the 
Association’s members now is as follows: 


Alexander Film Co., Colorado Springs, 
Colo. 

Associated Screen News. Ltd., Montreal 

Atlas Film Corp., Oak Park, II. 

Beeland-King Film Productions, Atlanta 

Byron, Inc., Washington, D.C. 

S. W. Caldwell, Ltd., Toronto 

The Calvin Company, Kansas City, Mo. 

Capital Film Labs., Inc., Washington, D.C. 

Circle Film Laboratories, Inc., New York 

Geo. W. Colburn’ Laboratory, Inc., 
Chicago 

Colorfilm, Inc., Mamaroneck, N.Y. 

Consolidated Film Industries, Hollywood 

Color Service Company, New York 

Coronet Instructional Films, Chicago 

Crawley Films, Ltd., Ottawa 

Du Art Film Laboratories, Inc., New York 

Film Associates, Inc., Dayton, Ohio 

Fischer Photographic Labs., Chicago 

General Film Laboratories Corp., Holly- 
wood 

General Film Laboratory, Detroit 

Guffanti Film Labs., Inc., New York 

Houston Color Film Laboratories, Inc., 
Burbank, Calif. 

Iowa State College of Agriculture and 
Mechanic Arts, Ames, Iowa 

Kling Photo Corporation, New York 

Lakeside Laboratory, Gary, Indiana 

Mecca Film Laboratories, Inc., New York 

Movielab Film Laboratories, New York 

National Cine Labs, Hyattsville, Md. 

National Film Board of Canada, Ottawa 

Northern Motion Picture Laboratories, 
Ltd., Toronto 

W. A. Palmer Films, Inc., San Francisco 

Peerless Film Processing Corp., New York 

Precision Film Labs, Inc., New York 

Quality Film Laboratories Co., New York 

Reid H. Ray Film Industries, Inc., St. 
Paul 

S.O.S. Cinema Supply Corp., New York 

Shelly Films, Ltd., Toronto 

Southeastern Film Processing Co., Colum- 
bia, S.C. 

Southwest Film Laboratory, Dallas, Texas 

Strickland Film Co., Atlanta, Ga. 

Titra Film Laboratories, Inc., New York 

Trans-Canada Films, Vancouver 

Trans-World Film Laboratories, Ltd., 
Montreal 

Vacuumate Corporation, New York 

Video Film Laboratories, New York 

Western Cine Service, Inc., Denver 
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Stereophonic Sounds, too 


Producers with new techniques are filling your big screens with 
sharp-focus, spectacular pictures. 

Big screens need Stereophonic Sound to complete the revolution 
of improvement which is renewing the interest of millions in talk- 
ing pictures. 

Stereophonic Sound is better than sound from any single loud- 
speaker assembly. 


* Three channel, four channel, or six channel 


Westrex 


Palas’ 111 Eighth Avenue, New ork 1 


FOR THE BEST in multi- 
or single channel, mag- 
netic or photographic 
sound systems... buy 


e THE WESTREX 
e WESTREX Standard 
WESTREX Economy 


STUDIO 


THEATRE 
SOUND 


SYSTEMS 


t ] 
April 1956 Journal of the SMPTE Volume 65 231 


Save 
PRESTO 


with the MIRACLE | 
PLICER. 


The newest in film splicing! 
Demonstrations before your 
eyes! 


Send in your problems and see 
them dissolve! 


Model “Deluxe Miracle” 


PRESTOSEAL 


Available for splicing all kinds of film including 
Cronar (Polyester Base), Cimemascope etc., 
neg or print and magnetic film or track 


@ NO CEMENT 
NO LOST PicTuRE 
@ NO SCRAPING 
in 10 


butt-weld), end-to-end. No 
No drying. No overlap 


A film fusion 
double thickness 
No light required 


Model MTI-M Miracle 
PRESTO SPLICER 


for welding any type tape, mylar, 
acetate or paper tape; also for leader stock 
to any type magnetic tape without ed 
hesives; Endless loop splicing no problem 


@ A heat weld 
@ No cement 
@ No adhesives 
.in seconds 
diagonal cut capable of withstanding 
5 pound pull! on Mylar 


with playback amplifier gain 


et meximum 


Write for Brochure & Sample Splice! 
Dept. 302 


3727 33rd st., Long Island City 1,N.Y. 


section reports 


The Northwestern Section met on January 
31 in the Demonstration Room of Ampex 
Corp., Redwood City, Calif. Twenty-two 
members attended. John M. Leslie, Jr., 
Chief Audio Engineer of Ampex, spoke on 
“High-Speed Duplication of Magnetic Tape 
Recordings.’ The presentation included a 
demonstration of the comparison of a sixth- 
duplicate with an_ original 
and demonstration of stereo 
reproduction. 


generation 
recording, 


interest was shown in the 
demonstrations and in the stereo reproduc- 
tions which Mr 


Enthusiastic 


Leslie ably discussed. 


The February 16 meeting of this Sec- 
tion was held at the Stanford Research 
Institute, Menlo Park, Calif., with 20 


members present. 
The program was provided by William 


E. Evans, Howard C. Borden and Ralph 


Heintz, all of the Television Engineering 
Dept., Stanford Research Institute. The 
topic, “Radar Photography,’ pre- 


sented in the form of descriptions and 
demonstrations of equipment developed 
for the Air Force training program. Both 
direct 16mm 35mm motion-picture 
photography of PPI as well as the recording 
of video signals for later reproduction on 
a PPI in a classroom was described. 

An attendance of only 20 for so interesting 
a meeting as this seems on the surface to be 
low. Actually, membership in this particular 
field is small, and the military aspect 
necessarily keeps it so.—R. A. Isberg, 
Secretary- Treasurer, Consulting Television 
Engineer, 2001 Barbara Dr., Palo Alto, 
Calif. 


and 


The Atlantic Coast Section met on 
February 14 at the Carl Fischer Concert 
Hall, New York. Attendance was approxi- 
mately 175 persons, most of whom are 
members. Dr. Philip Nolan, Chief Physicist 
of Farrand Optical Co., was the speaker. 
His talk was on the general subject of the 
fundamental principles of optics as related 
to motion-picture equipment. He described 
the requirements of field uniformity and 
intensity and the problem of light losses 
in optical systems. His presentation was 
followed by an interesting question-and- 
answer period.— Victor M. Salter, 
o FE. I. du Pont de Nemours 
248 W. 18 St., New York. 


Secretary- 
Treasurer, ¢ 


& Co., Inc., 


The Western New York Section met on 
February 16 at the Dryden Theater, 
Rochester, N. Y., following a speakers’ din- 
ner and managers’ meeting at the Rochester 
Club. 

Leonard Satz, Secretary-Treasurer of 
Raytone Screen Corp., Brooklyn, discussed 
“*Problems of Large-Screen Theater Presen- 
tation.” He pointed out that in spreading 
pictures over the large screens now being 
used, the light output of the projector is fre- 
quently inadequate. 
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Attributes of the matte white screen and 
of several types of high-gain screens were 
discussed and demonstrated. It was pointed 
out that the matte white screen provides 
the brightness from all 
viewing angles. However, with wide-screen 
pictures this brightness is frequently uni- 
formly inadequate. 
types of high-gain screens which provide a 
much brighter picture when viewed from 
the center of the 2 of 


most even picture 


Described were various 


as the viewing prone increases. One type of 
such material was shown which provides 
moderate gain in brightness while main- 
taining a much more uniform reflectance 
over a very wide angle. 

Problems in screen construction, shape, 


maintenance and orientation were dis- 
cussed. Some of the characteristics of 
beaded and lenticulated screens were also 


described. 

A number of people who work primarily 
with film manufacturing found this discus- 
sion took them into a field with which they 
have had little experience. Those in the 
audience more closely associated with the 
theaters pointed out that this was one of the 
relatively few occasions when their interests 
and problems were presented in the 
SMPTE programs. It was pointed out that 
meetings such as this could do much in 
advancing the art by presenting new tech- 
developments to 
exhibitors concerned 
with theater of the 
theater people present recommended that 
future papers of this type should be more 
widely publicized in order to reach others 
George T. Negus, Secretary- 
Treasurer, c/o Eastman Kodak Co., Kodak 
Park Works, Bldg. 31, Color Technology 
Div., Rochester 4, N.Y. 


information and 
and others directly 
presentations. Some 


nical 


in their field. 


The Central Section met on February 20 
at the Western Society of Engineers, Chi- 
cago, with 95 people attending. A panel 
discussed the use of prestriped magnetic 
sound coatings in sound motion pictures. 
E. W. D'Arcy, E.D.L. Company, served as 
moderator and sitting with him 
R. S. Dubbe, Minnesota Mining & Manu- 
facturing Co.; Price Fish, Columbia Broad- 
casting System; John Powers, Bell & 
Howell Co.; Jerry Sevenberg, Geo. W. 
Colburn Laboratories; and Spencer Allen, 
WGN-TV. 

A single-system magnetic recording was 
demonstrated, and the panel discussed 
various problems in the application of pre- 
Messrs. Dubbe and 
magnetic 
John 


were: 


striped magnetic film. 
Sevenberg discussed the 
of unexposed film, while 
covered equipment now available and dis- 
cussed standardization with reference to 
single-system cameras and projectors. Mr. 
Fish reviewed operations in the TV station 
with particular reference to prestriped mag- 
netic film, and Mr. Allen pointed out areas 
of potential use in the TV news field, with 
some of the problems yet to be solved. 
Moderator D’Arcy, because of his back- 
ground in the field of magnetic recording, 
supplemented the material presented with 
pertinent remarks, and an excellent discus- 
sion followed. 

Henry Ushijima, of the Geo. W. Colburn 
Laboratories, showed a series of excellent 
slides and a reel of motion pictures which 


coating 


Powers 
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he made during a tour of duty in Central 
and South America. He had concentrated 
his camera particularly on architecture, 
transportation and people.—-Howard H. 
Brauer, Secretary-Treasurer, 7326 Ridge 
Ave., Chicago 45. 


The Atlantic Coast Section met on March 
7 at the Belmont Plaza Hotel, New York, 
with about 125 people present. John W. 
Wentworth, Manager of the Television 
Terminal Equipment Engineering Group, 
Radio Corp. of America, Camden, N.J., 
explained the theory of compatible color 
television in simple and large nonmathe- 
matical terms. Film slides of system block 
diagrams showed the transition from 
familiar principles of monochrome tele- 
vision to the more complex techniques of 
color television. A simplified technical ex- 
tract of the standards for compatible color 
television, as approved by the Federal 
Communications Commission, was pre- 
sented.—Victor M. Salter, Secretary-Treas- 
urer, c/o E. I. du Pont de Nemours & Co., 
248 W. 18 St., New York. 


The Western New York Section met on 
March 15 in the Color Room of Eastman 
House, Rochester, N.Y., with 93 people 
present. Barry O. Technical 
Toronto, 


Gordon, 


Director of Granvhic Films, Ltd., 
spoke on **The Animated Film. 
Mr. Gordon described the animation 


” 


manufacture installed 
., Microfilm division, Washington, D.C.; U. 


); Atomic 


. Naval 
U.S. Public Health Service; US. F.OB. 


Filmline 
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stand and camera and explained methods 
used to prepare artwork and manipulate it 
on the stand. He outlined a variety of tech- 
niques for producing desired effects without 
having the artist prepare a complete new 
picture for each frame in the film. The audi- 
ence felt that Mr. Gordon had very effec- 
tively let them in on the inside secrets and 
tricks of the art of animation.—George T. 
Negus, Secretary-Treasurer, c/o Eastman 
Kodak Co., Kodak Park Works, Bldg. 31, 
Color Technology Div., Rochester 4, N.Y. 


The Pacific Coast Section met on March 20 
at the Kling Studios, Hollywood, with 400 
members present. A description of the tech- 
niques and facilities comprising the Todd 
A-O Process, inspection of the Todd A-O 
re-recording and projection equipment, 
and screening of picture and sound selec- 
tions from recent productions made up the 
program. 

Because of limited accommodations, two 
separate sessions of 200 members each were 
held. Facilities of the Kling Studios were 
open for inspection before the first and after 
the second session. 

S. A. Sanford, General Manager of Todd 
A-O, Pacific Division, described production 
aspects of the process, and showed scenes 
from the new Michael Todd production, 
Around the World in Eighty Days. 

Ed W. Templin, Westrex Corp., de- 
scribed the Todd A-O sound recording 
facilities. 


constant. 


Milford, Conn. 


e EXCLUSIVE OVERDRIVE eliminates film breakage, automa- 
tically compensates for elongation; tank footage stays 


Fred Hynes, Director of Sound Record- 
ing for Todd A-O, described recording, re- 
recording and electrical printing for the 
process. Significant techniques and prac- 
tices developed and utilized in providing 
six-channel stereophonic sound for the 
Todd A-O Process were interesting and 
impressive. Picture and sound demonstra- 
tions from the Rogers and Hammerstein 
production of Oklahoma! were enthusi- 
astically received by members at both ses- 
sions. 

Carlos Elmer of the Naval Ordnance 
Test Station at China Lake, Calif., an- 
nounced that SMPTE members and their 
guests will be invited to the Station on 
Armed Forces Day, May 19, for a complete 
tour of the facilities. Details will go to 
members before that date.—John W. 
DuVall, Secretary-Treasurer, c/o E. I. 
du Pont de Nemours & Co., 7051 Santa 
Monica Blvd., Hollywood 38. 


The Northwestern Section met on March 
29 at the Coronet Theater in San Fran- 
cisco, where Hal Hummel of the Ampex 
Corp. and Jess Lunsford and Harry 
Meyer, projectionists for the Coronet 
Theater, explained the Todd A-O System 
and conducted a tour of inspection of the 
booth of the theater. Oklahoma! was shown 
following the meeting.—R. A. Isberg, 
Secretary-Treasurer, Consulting Television 
Engineer, 2001 Barbara Dr., Palo Alto, 
Calif. 


MODEL R-15 


REVERSAL FILM 


PROCESSOR 


e EASY TO OPERATE, needs no attention. 

e VARIABLE SPEED DRIVE, development times from 142 to 
12 minutes. 

e COMPLETE DAYLIGHT OPERATION on all emulsions, no dark- 
room needed. 

e FEED-IN ELEVATOR & 1200-FT. MAGAZINE permits uninter- - 

only rupted processing cycles. 

e STAINLESS STEEL tanks, air squeegee, recirculation fittings, 
air agitation tube, lower roller guards. 

e FORCED WARM AIR DRYBOX, uses no heating lamps. 

¢ Double Capacity Spray Wash 

e Uniform Tank Sizes 


e Cantilever Construction 
e Size: 76” x 50” x 24” 


corp. Milford, Conn. Dept. B-11 
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e Filtered Air Supply 

© Self-Contained Plumbing 
e Ball Bearing Gearbox 

© Weight: Approx. 475 Ibs. 


| 7 develops.reversal film at 1200 ft. per hr. 
| | . negative-positive film at 1200 ft. per hr. | 
Universities of: Texas; Notre Dame, Indiana, Cal ’ | 
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The Atlantic Coast Section held its basic principles of the Vitascan system 
April meeting at the Carl Fischer Con- with the aid of appropriate slides. The 
cert Hall, 165 West 57th St., New York, evolution of the flying-spot principle 
on April 4, 1956. About 60 were present was traced to the present time and a de- 
to hear the reading and discussion of a tailed description of the equipment that 
paper on the Du Mont Vitascan equip- has so far been made available com- 
Live mercially was included. 

Also included in the talk was discussion of 
the advantages and limitations of the 
system. After the formal presentation was 
‘ ; concluded, questions were taken from 
tories. (A notice on this equipment the floor and an interesting question- 
appeared in the New Products section of and-answer period followed.—Victor M. 
the November 1955 Journal.) In_ his Salter, Secretary- Treasurer, 168 Kemp Ave., 
presentation, Mr. Haines described the Fair Haven, N.J. 


ment, entitled “The Vitascan 
Flying-Spot Color Scanner,’ by Jesse 
H. Haines and G. Richard Tingley of 
Du Monts Circuit Research Labora- 


FOR A HAPPY PRESENTATION 


The joy of accomplishment is a universal happiness. 
Especially in the case of a film which is your creation, born 
out of hard work and careful planning. 


Because Precision’s staff of specialists adds its own 
creative efforts to yours by the use of specially designed 
equipment, and by careful handling and intelligent timing — 
you might say we are fellow creators, working with you 

to bring out all you’ve put into the original. ..Yes, 

and maybe more! 


So, when you turn those 16mm dreams into 

realities, be sure to call upon Precision for the accurate, sound - 
and exact processing your films deserve. 

Remember: Precision is the pace-setter in processing 

of all film. No notching of originals—scene to scene 

color correction, optical track printing, 

all are the very best ...35mm service, too! 


you'll see i and hear 


t(ABORATORIES, 


A DIVISION OF J A MAURER INC 


21 West 46th Street, New York 36, New York 
} 
| 
| 


In everything, there is one best .. . in film processing, it's Precision 
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reviewed 


Color in Motion Pictures 
and Television 


By Lyne S. Trimble. Published (1954) Uni- 
versity of California, Los Angeles, Calif. 
270 pp. 80 illustrated cartoons. 8} X 11 in. 
Price $6.50. 


This textbook has been developed over 
a period of several years in the presentation 
of a course for students in the Department 
of Theater Arts at the University of Cali- 
fornia at Los Angeles. Although written 
for nontechnical readers, who are assumed 
to have some knowledge of black-and-white 
motion-picture practice, the book is de- 
voted to the technical side of the subject, 
and contains much detailed information. 
Unfortunately, this technical detail tends 
to lack precision and accuracy, as illus- 
trated by the following excerpts (italics are 
the reviewer's): 

** one such millimicron is one tenth of 
an Angstrom unit.” (p. 6); ‘‘We are so far 
away from the sun and the energy is chang- 
ing at such a small rate, that we can move 
around quite a bit without a noticeable 
change in the intensity of sunlight. The 
energy as we measure it, then, will fall off 
with a rate which is somewhat less than is 
prescribed by the inverse square law. This devia- 
tion becomes noticeable when the distance 
from the source exceeds about twenty times 
the diameter of the source.” (pp. 34-5); 
** a cyan filter will absorb its complement, 
magenta...” (p. 62). The description of 
flicker photometry on p. 63 is obviously 
based on a misconception, and the account 
of color mixture properties of the eye is 
wrong in some places. Deviations from 
standard terminology are also encountered. 
For example, the components of an addi- 
tive mixture of three colors yielding white 
are consistently referred to as ‘‘complemen- 
tary,” whereas in accepted practice this 
term is applied only in cases where two 
components add to produce white. 

The writer appears to be on more familiar 
ground in discussions of the historical 
background and development of the various 
color processes for cinematography, but his 
conclusions are sometimes debatable. 

The body of the book is devoted to color 
motion pictures, only the last chapter 
being directly concerned with television. — 
Charles H. Evans, Eastman Kodak Co., 59 
Kodak Park, Rochester 4, N.Y. 


Membership Certificates (Active and Asso- 

ciate members only). Attractive hand- 

engrossed certificates, suitable for framing for 

display in offices or homes, may be obtained 

by writing to Society headquarters, at 55 
| West 42d St., New York 36, Price: $2.50. 
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Auricon 


“SUPER 1200’’ CAMERA 


FOCUSING OPTICAL SYSTEM 


The unique and versatile features built into the 16mm Auricon “SUPER 1200” 
Sound-On-Film Recording Camera have prompted Producers and Cameramen 
to name the Super 1200...Finest 16mm Sound Camera ever built!” This 
Camera is “Self-Blimped” for whisper-quiet Studio work, has 33 minutes of 
continuous film capacity, Variable-Shutter or Kinescope “TV-T” Recording 
Shutter, plus the combined “Rifle-Scope” Telephoto Finder and Reflex- 
Focusing Optical Systems illustrated below. Its only equal is another Auricon 
“Super 1200”... 


IN USE FOR FULL-FRAME GROUND-GLASS FOCUSING 
“Super 1200” Reflex Ground-Glass Focusing-Frame indicates the field covered 
by any focal-length lens at all distances. A 10X enlarged Ground-Glass image 
is seen by the Cameraman, for needle-sharp critical focusing. 


THE CAMERA OF TOMORROW, HERE TODAY! ITS 


Model “C 


“Super 
Built-in 
weather 


Two ind 
Camera 


GUARANTEE 
All Auricon Equipment is sold with 


600 and 
a 30 day money-back guarantee. nets 


PRECISION DOVE-TAIL CARRIAGE SHOOT PRECISION DOVE-TAIL CARRIAGE 
IN “GROUND-GLASS FOCUS” POSITION IN “TELEPHOTO FINDER” POSITION 

| TELEPHOTO FINDER LENS » f 


Geared Footage & Frame Counter with built-in neon-glow indirect light. 


EvE 


10 X ENLARGED 
TELEPHOTO FINDER 
~~ imace seen 


BY CAMERAMAN 


IMAGE FOCUSED ON FILM 


< FILM RUNNING 


IN USE AS TELEPHOTO-FINDER DURING FILMING 
No Camera-weight shift on tripod legs when moving from focus to film-shooting 
position with the “Super 1200.” Camera-body does not shift to focus, or shoot 
film, as Optical-System Dove-Tail Carriage is only moving part! 


ONLY EQUAL IS ANOTHER AURICON “SUPER 1200” 


M-74B” Features include... 


+ ‘‘Rock-steady” picture and High Fidelity Optical Sound-Track recorded on same film at same 
time, with “whisper-quiet” Camera & Sound Mechanism synchronously driven by precision- 
machined Nylon gears. 


1200” is Self-Blimped for completely quiet Studio use. 
Electric Camera Heater with automatic Thermostat-Control, provides reliable cold- 
Camera operation. 


ependent Finder systems (in addition to Reflex Ground-Glass Focusing through the 
lens); a brilliant upright-image Studio Finder, plus the “Rifle-Scope’”’ precision- 


matched Telephoto-Finder. 


1200 ft. film Magazines available. Up to 33 minutes continuous filming. 


You must be satisfied! 


= 
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Auricon 


A PRODUCT OF 
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During picture exposure, your film runs through the Auricon “Super 1200” Film-Gate with the 
light-sensitive film emulsion accurately positioned on jewel-hard Sapphire Surfaces, an 
exclusive Berndt-Bach feature (U.S. Patent No. 2,506,765). This polished Sapphire Film-Gate 
is guaranteed frictionless and wear-proof for in-focus and scratch-free pictures, regardless 
of how much film you run through the camera! 

Priced from $4,652.15 complete for sound-on-film; $3,755.65 without sound; choice of “C”’ 
Mount lenses and Carrying Cases extra. 

Sold with a 30 day money-back Guarantee and One Year Service Guarantee; you must be 
satisfied. Write today for your free Auricon Catalog. 


BERNDT-BACH, INC. 
6946 Romaine Street, Hollywood 38, California 


MANUFACTURERS OF SOUND-ON-FILM 
RECORDING EQUIPMENT SINCE 1931 


SUPER 1200 SOUND RECORDER 
$4652.15 $3359.00 
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Industry 
“Workhorse” 
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MICROPHONE 
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Color Television Standards 


By Donald G. Fink. Published (1955) 
McGraw-Hill Book Co. 330 W. 42 St., New 
York 36, 520 pp. Illus. (4 in color) Graphs. 
6 X 9 in. Price $8.50. 


It was, I suppose, inevitable that to Mr. 
Fink would fall the task of recording in 
book form the deliberations of the National 
Pelevision System Committee, which led 
to the formulation of the compatible color 
standards adopted by the Federal Com- 
munications Commission. 

One of the stalwarts of the television 
industry, Mr. Fink was, for many years, 
editor of “Electronics,” before joining the 
Philco Corporation as Director of Research. 
He served as Vice-Chairman of the NTSC 
during the period 1950-1952 and was ex- 
ceedingly active during an earlier period of 
the industry’s history when the NTSC was 
first formed to develop standards for mono- 
chrome television. He subsequently com- 
piled a book based on the findings of the 
Committee called Televiston Standards and 
Practice. 

Mr. Fink’s new book, Color Television 
Standards, brings home very forcibly the ex- 
tent and the rapidity of the expansion of the 
boundaries of the television industry’s tech- 
nical knowledge and its contribution to the 
science of color. The logical procession of 
information is covered in 10 chapters and 
2 appendices in 520 pages, and includes the 
following: 

The development of color television; the 
NTSC color television standards; subjec- 
tive aspects of color; the color video signal ; 
the color synchronizing signal; field tests of 


products 


compatibility, color performance and _ net- 
works and transmitters; color films, proc- 
esses and transmission equipment; and 
definititions of color television terms and 
symbols. 

The compilation from the records of the 
NTSC covers essentially all the technical 
information evolved during the NTSC pro- 
ceedings. As an example of its complete- 
ness, Chapter 4 — ‘The Color Video Sig- 
nal,’ the most important chapter in the 
book encompasses over 25% of the total 
pages. 

Mr. Fink’s editorial skill has achieved 
an excellent technical documentation of 
the factors underlying the choice of the 
compatible color  telecasting standards 
adopted by the Federal Communications 
Commission. Because of its source mate- 
rial, this book represents a most authorita- 
tive and comprehensive statement on the 
basic problems of compatible color tele- 
vision engineering and the technical param- 
eters involved in their solution. 

The book, Color Television Standards, is 
written for the professional engineer and, 
as such, merits a high place in every en- 
gineering library. It accomplishes several 
purposes. It is a virtually complete tech- 
nical record of the work of the NTSC. It is 
a tremendously important statement of the 
various considerations underlying the 
United States color television system, and 
it is a tribute to the genius and skill of the 
American television industry and its con- 
tinuing contribution to the science of com- 
munication.—G. R. Tingley, Manager 
Color Dept., Allen B. Du Mont Labora- 
tories, Inc., Circuit Research Laboratories, 
2 Main Ave., Passaic, N.J. 


slip chains to restrict leg spread; a single 
lock collar to secure legs automatically with 
equal pressure on both shanks; and a 
patented universal tripod screw to fit both 
American and foreign tripod sockets. The 
Arri 16 Tripod weighs 13} lb, has a working 
height range of 15 to 65 in. and, with the 
hemispherical ball-joint head, costs $175. 
A shorter version, without the head, with 
a working height range of 9 to 21 in., costs 
$90. The ball-joint head is interchangeable 
on both models. 


Uniform high quality performance 
day-after-day in studio and remote 
pick-ups has proved the rugged 
dependability of the “635”. 
Exclusive E-V Acoustalloy 
diaphragm assures smooth, 
peak-free response 60 13,000 cps 
Output is —55 db. 50-250 ohms 
impedance selector. Tiltable head, 
%@"-27 thread. Cannon XL-3 
connector. 18 ft. cable. 

List Price $75.00 

Normal trade discount applies, 

See your Authorized E-V 
Distributor or Write for 

bulletin V64 


Cand developments) 


Further information about these items can be 
obtained direct from the addresses given. As in 
the case of technical papers, the Society is not 
responsible for manufacturers’ statements, and 
publication of these items does not constitute 
endorsement of the products or services. 


A hemispherical ball-joint head is a 
feature of the Arri 16 Tripod, now being 
manufactured by Arnold & Richter and 
distributed by Kling Photo Corp., 257 
Fourth Ave., New York 10; and 7303 
Melrose Ave., Los Angeles 26. The ball- 
joint head permits leveling the camera with- 
out touching the tripod legs. A_ built-in 
spirit level indicates when the camera is set. 
This portable tripod provides individually 
controlled pan and tilt movements; cali- 
brated leg scales for quick settings of all 
legs to the safne extension; adjustable anti- 


NO FINER CHOICE THAN 


SlechoVores 


BUCHANAN « MICHIGAN 
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SVYNCHRONIZER HEAVEN 


( 


Fastens to roller arm of synchronizer. 

Sync dailies quickly without using editing machine. 
Ideal for checking sound track for words or effects to be 
replaced. 

Fastest and most accurate in locating beginning and end- 
ing of words. 

Tape head can be slid up and back to read a track in 
any position of fullcoat or magnastripe. 


Selling Price: 

HFC Magnetic Tape Reader Synchronizer 
attachment 

HFC Magnetic Tape Reader Amplifier 

Complete Unit 


16mm Special Measuring Machine 
Counts in 16 & 35mm Footage. $160.00 


35mm 2-Way Vistavision Synchronizer with 35mm 4-Way Synchronizer $190.00 
Footage & Frame Counter $160.00 


AT BETTER DEALERS EVERYWHERE 
HOLLYWOOD FILM COMPANY 
precision film editing equipment 


956 SEWARD STREET HOLLYWOOD 38, CALIFORNIA 
HOllywood 2-3284 65-35mm Combination Synchronizer $380.00 
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35mm 3-Way Synchronizer $165.00 x 4 
> 
4. 
ill. 
. 55.00 
16mm 2-Way Synchronizer $125.00 
35mm 5-Way Synchronizer $225.00 
BRS. 


A new remote-control Zoomar lens with 
a zoom range of 6 to 1 and a focal length of 
20mm to 120mm is being offered by 
Zoomar, Inc., Glen Cove, N.Y. The new 
lens has a speed of //3.9 and is constant 
over the entire zoom range. It weighs about 
1} Ib, making it easy 
standard “C”’ mount which it is 
Resolution better 
r'V lines, and contrast rendition 


to mount with the 
with 
equipped. is reported 
than 600 
is adequately balanced over the entire spec- 
tral range of the vidicon tube. Accessories 
include a motor drive unit, approximately 
6 X 5 X 2in., which works with miniature 
d-c motors and is energized from a power 
control unit which can be located in a re- 
mote spot. The power-control unit, approxi- 
mately 6 X 4 X 2} in., consists of the neces- 
sary electrical components and spring-re- 
turned toggle switches for distance setting 
and zooming. A remote iris control with an 
additional switch is available. Basic price 
for the lens without the power-control unit 
is $700. 


6331 Hollywood Blvd., Hollywood 28. 
Hydraulically powered and operating inde- 
pendently of the truck or chassis on which 
it is mounted, the platform may be raised 
to a height of 40 ft. It supports a load up to 
450 Ib. The platform may be rotated con- 
tinuously or intermittently through 360°. 
Dual controls permit operation from the 


A Conversion of the Cinevoice 400 has 
been announced by Florman & Babb, 68 
W. 45 St., New York 36. The conversion 
does not cut the head off the camera or use 
auxiliary motors. A special needle-bearing 
takeup system and ball-bearing shafts 
fitted to the 400-ft magazines make this 
possible. Other special features of the con- 
version are: silenced Veeder footage 
counter; built-in behind-the-lens filter slot, 
with two filter holders; headphone jack 
built into the camera; tripod socket re- 
bushed with brass insert; adaptation of 
either Bell & Howell or Mitchell 400-ft 


magazines; provision of lid for covering 


ground or the platform. Four foot pedals 
and a_ knee-operated allow the 
cameraman aloft to control all boom move- 
ments. 


magazine slot in order also to continue use 
as 100-ft camera. The conversion, including 
complete overhaul and surface finishing, 
takes two weeks to complete and costs $345, 
not including the magazine. 


has been lever 
Supply 


19; and 


The Giraffe 
announced by 
Corp., 602 W. 


Camera Crane 
S.O.S. Cinema 
52 St.. New York 


The ‘‘Molevator’’ Electric Stand is a 
power-driven stand for large lamps _ re- 
cently developed by Mole-Richardson Co., 
937 N. Sycamore Ave., Hollywood 38. 
Designed especially for use with Types 90, 
170 and 450 Molarcs and Type 416 Teners, 
it has a maximum load-carrying capacity of 
250 lb. A mechanical jack screw provides 
positive support, and it can be stopped im- 
mediately upon release of up or down push- 
button controls. A slip clutch protects the 
mechanism at travel limits, and the casters 
lock in extended position for stability. 
Power to the junction box supplies both the 
motor and the lamp through pin plug con- 
nections. The enameled steel and bronze 
stand folds flat for storage or transporta- 
tion. Stand height range is 5 ft 1 in. to 11 
ft 1 in., and full elevation is attained in 21 
sec. The total weight of the stand is 188 Ib 


Tripod Perfection ! 


IMPROVED PROFESSIONAL >. 
JUNIOR TRIPOD 


Atways A GREAT Tripop, the new improved 
PROFESSIONAL JUNIOR Tripod with the remov- 
able head, announces new exclusive patented 
features that no other tripod can approach. 


1. Simplified camera attaching method with 
easily accessible knob—no fumbling under 
camera platform. 


Adjustable telescoping pan handle—make 
it longer or shorter to suit you needs. 


SALES SERVICE RENTALS 


Lenses available in mounts for all 
35 mm Motion Picture Cameras. 


Additional pan handle sockets for left, 
right or reverse tilt. 


Larger gripping area and sturdier con- 


struction of tilt and pan locking levers. *PHOTO RESEARCH Color Tem- 


perature Meters. *Neumade and 
Hollywood Film Company cutting 
room equipment. *Hot Splicers. 
* DOLLIES—Mole Richardson and 
Colortran Lighting Equipment. 
Complete line of 16mm and 35mm 
Cameras 


5. New tie-down eyelets in flange. 


And most surprising, there is No INCREASE IN 
Price. See, test, try Pro Jr.—you'll never want 
to be without it. 


SPLICES NOT HOLDING ? 


Try Jefrona all-purpose cement. 
Send for FREE sample. 


FRANK C. ZUCKER 


AIMERA CQuipment 


315 West 43rd Street, New York 36, N. Y. 
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May cost you less to own 


than it costs to rent other equipment 


MODEL 


ITA 


with 
soundproof 
blimp and 
synchronous 
motor... 


For little more than the usual rental charges 
for equipment, you can own a complete Arri- 
flex 35 Model IIA sound outfit, including the 
variable speed motor, Synchronous Motor and 
Soundproof Blimp. As a result, more and more 
studios and cameramen are recognizing this 
fact and are buying Arriflex. 


The Arriflex 35 Model IIA offers many 
advantages over other 35mm cine cameras. For 
example, without the Blimp and with battery- 
operated variable-speed motor, the Arriflex is 
an unusually light and easy camera to handle 
— ideal for location shots under the most diffi- 
cult conditions — even for handheld filming. 
With the Soundproof Blimp and Synchronous 
Motor, it becomes the perfect camera for lip- 
synched sound — both in the studio and out. 


The Arriflex 35 IIA features a 180° Mirror 
Reflex Shutter for through-the-lens viewing and 
follow focus. A new type of intermittent mech- 
anism with registration pin action assure abso- 
lutely rock-steady pictures in perfect register. 


Many other improvements have made the 
Model IIA the most desirable camera in the 
field. In fact, every important feature you 
would expect in a camera designed for first 
rate filming has been incorporated in the Arri- 
flex 35 Model IIA. 


Write for complete information to: 


photo corporation 
257 FOURTH AVE., NEW YORK 10, N. Y. 
7303 MELROSE AVE., HOLLYWOOD 46, CAL. 
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ARRIFLEX 35 Model liA 
in SOUND-PROOF BLIMP 


Blimp housing is cast magne- 
sium alloy, finished crackle 
black. Accommodates Camera, 
Synchronous Motor Unit and 
400-foot Magazine. Internal 
walls are lined with corduroy 
velvet over six alternate layers 
of foam plastic and lead. Doors 
ore sealed with foam-rubber 
ets, and close by means of 
eavy, ‘knee-action’ clamp 
locks. Camera is cushion- 
mounted. 


ARRIFLEX 35 Model IIA with 
SYNCHRONOUS MOTOR UNIT 


Provides absolutely uniform and con- 
stant speed. Motor is mounted on 
base-plate housing containing gear 

hani i directly to 
main drive shaft of camera. Motor unit 
has built-in footage counter and tripod 
socket. Safety clutch automatically dis- 
engages motor should film ‘jam’. 
Designed for 115-volt, 60-cycle AC 
operation. 
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SPECTRA 
Brightness Spot Meter 


@ Checks uniformity of blue 
backing for matte shots di- 
rectly from camera position 


@ Checks brightness of selected 
areas on set to determine 
brightness range 


@ Checks color temperature of 
light sources to maintain uni- 
form color quality 


@ Shows footcandle output of 
individual light units without 
interference from other sources 


@ Measures uniformity of illum- 
ination and discoloration of 
projection screens for any dis- 
tance or angle 


®@ Maintains standard brightness 
and COLOR TEMPERATURE of 
printer lights 


PHOTO RESEARCH CORP. 


KARL FREUND, President 
837 North Cahuenga Bivd. 
Hollywood 38, Calif. 


CONTENTS of the Test Film Catalog 
available from Society Headquarters 


Television—Picture Only 
TV35 Test Film 
Alignment and Resolution Section 
TV16 Test Film 
Alignment and Resolution Section 
TV35 Color Test Film 
TV16 Color Test Film 
Slides—TV Color 
L.35 Leader 
L.16 Leader 


CinemaScope—35mm Test Films (10 items) 
Visual 35mm—Picture Only 
Focus-and-Alignment Section 
Travel-Ghost Target Section 
Jump-and-Weave Target Section 
Magnetic—16mm Sound Only 
Azimuth Alignment Test Film 
Multifrequency Test Film 


Picture and Sound—16mm 
Sound-Service Test Film 


“Jiffy” Test Film 


Sound only—l6mm 
3000-Cycle Flutter Test Film 
Multifrequency Test Film 
Scanning-Beam Illumination Test Film 
Buzz-Track Test Film 
Sound-Focusing Test Film 
400-Cycle Signal-Level Test Film 


Picture Only—16mm 
Steadiness Test Film 
Travel-Ghost Test Film 


Glass Slide—16mm 
Projector Lens Resolution Target 


The Palmer 16mm Editing Machine is a 
3-channel machine manufactured by R. 
Funk & Co. and distributed by M. W. 
Palmer, 468 Riverside Dr., New York 27. 
The editor has a composite film channel for 
sound and picture on one film, a picture 
channel with 5 X 6}-in. picture, and a 
soundtrack channel with stabilizer, sound 
drum and amplifier for optical soundtracks. 

An additional soundhead for recording 
and reproducing magnetic sound on 
sprocketed 16mm film is available. Sound 
and picture channels can be operated 
separately or both can be locked in synchro- 
nism. Finger-tip controls and a color-coded 
panel are designed to facilitate selection of 
functions. Means are provided for ready 
film marking, and the marks show on the 
screen as they are made. Standardized 
components are used. 
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A new Arri Printer is part of the equip- 
ment supplied by Arnold & Richter of 
Munich, Germany, for a new negative- 
positive color processing laboratory now 
being put into operation by Byron, Inc., 
1226 Wisconsin Ave., N.W., Washington, 
D.C. Designed to provide automatic fading 
and scene-to-scene color balancing, this 
printer is 35mm to 16mm and vice versa 
as well as 35mm to 35mm and 16mm to 
16mm. This and other new equipment will 
be described in a technical paper at the 
Society’s Spring Convention. Byron, Inc., 
has completely remodeled an additional 
building adjacent to the main plant to 
accommodate the new color processing 
laboratory which includes a_ chemical 
analysis section, chemical mixing room, 
silver reclaiming plant, and the rooms for 
developing, washing and drying. 


Academy Films, 800 North Seward St., 
Hollywood, producers of educational films 
for schools and motion pictures for business 
and industry, is building a 60 X 100 ft 
sound stage at the Seward St. address. The 
studio will be of sufficient size for the con- 
struction of almost any type of set. New 
grids set into concrete floor slabs will pro- 
vide a new method of tying down scts. 


Ripley L-R Whirlwind Blower Wheels 
are announced as inexpensive wheels of 
simplified, rugged four-pieced construction, 
available in stock sizes of 1-in., 14-in., 2-in., 
3-in., and 3%6/;0-in. diameters. Special sizes 
can be engineered to specific requirements. 
Standard wheels are cadmium-plated or 
plain steel, or anodized or plain aluminum, 
while wheel hubs are supplied in standard 
bore sizes with one or two set screws, avail- 
able in CW or CCW rotation. The L-R 
Whirlwind Blower Wheels are manufac- 
tured by the Ripley Company Inc., Middle- 
town, Conn. 
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Sylvania Electric Products Inc. has on the 
market a new lamp for motion-picture and 
slide film projectors. Called Tru-Focus, it is 
only 4 in. high including socket and burns 
any position including horizontal or base 
down, thus permitting radical new design 
in projectors. The socket has been designed 
to make it possible for the lamp to snap 
automatically into prefocused alignment 
with the projector’s optical system. A new 
grid screen has been inserted to direct air 
flow inside the lamp and prevent blackening 
in the horizontal position. 


Permanently marking and coating stain- 
less steel by a new photo-chemical process 
has been announced by Ateenate, Inc., 15 
Chardon St., Boston 14, Mass. The integral 
marking, effective on metals with a mini- 
mum chromium content of 11%, is re- 
ported to produce a hard, ductile, non- 
crystalline structure resistant to chemical 
and physical damage and impervious, for 
instance, to heat up to 1700 F in air as well 
as to acids, alkalis and abrasives. It has 
been tested for blackening of steels, such as 
in guns and instrument parts and for re- 
producing markings and schematics on 
dials, gauges and panels. Markings are jet 
black on stainless steel or the reverse. Lines 
as fine as 0.001 in. can be obtained, with 
scales of 200 legible lines to the inch repro- 
duced. Photographs of up to 150-screen can 
be made for identification badges or pass- 
ports. Stainless steel sheets from 0.003 in. to 
plate gauges as well as rounds and shapes 
are used with the Ateenate process because 
the metal is not deeply etched. 


The measurement of color with color 
using the Lovibond Color Scale is de- 
scribed in a brochure available from Curry 
& Paxton Inc., 230 Park Ave., New York 


17, representatives for The ‘Tintometer 
Ltd. In addition to the new Lovibond 
Tintometer illustrated above, there are 


Lovibond Permanent Glass Colour Stand- 
ards and the Lovibond Schofield ‘Tint- 
ometer which enables the user to link the 
visual Lovibond color measuring system to 
the official color specifications frequently 
expressed in the x, y and z nomenclature 
of the C.I.E. There are a great many Lovi- 
bond Tintometer models for the vegetable 
and lubricating oil industries but also some 
general laboratory models, including one 
for use where deep colors are tested. The 


Schofield Tintometer is adaptable to study 
of color emitted by cathode-ray tubes and 
is reported in use in England. 


An Advanced Development Laboratory 
is being opened in April by the Radio Corp. 
of America at the New England Industrial 
Center, Needham, Mass., where Dr. 
Francis E. Vinal will direct advanced de- 
velopment work on ferrites. Ferrites, inor- 
ganic chemical compounds formed from 
metallic oxides, are widely used in com- 
ponents for television receivers, in com- 
puters, and in high-frequency applications. 
Product design using ferrites will continue 
to be done at Camden, N.J., and Findlay, 
Ohio. 

Dr. Vinal holds a doctorate in science 
from M.I.T., where he majored in chemis- 
try and where he served as an assistant 
professor of ceramics. During World War 
II, he was associated with several projects 
of the National Defense Research Commit- 
tee. In 1952, he joined M.I.T.’s Lincoln 


PEERLESS offers 


complete One-Stop Servicing 
for 


FILM RECONDITIONING 


Laboratories, and in December 1955 he 
went to RCA as manager of the Advanced 
Development Ferrites Laboratory. 


A 3,000-watt slide projector, Model SP.1, 
has been announced by Genarco, Inc., 97- 
04 Sutphin Blvd., Jamaica 35, N.Y. 
Equipped with a 3,000-w tungsten bulb, it 
has a heat-reflecting filter, a 280 cu ft/min 
double blower, an automatic slide changer 
for 18 standard 3} X 4 in. slides, and a 
variety of objective lenses for rear projection 
of a translucent screen or front projection 
in large auditoriums. It is electrically 
tripped by the operator or by remote con- 
trol with a fading effect between each pro- 
jected image. With a wide-angle lens, 4,000 
lm are projected on the screen, to make the 
projector suitable for studio backgrounds 
and ballroom sales presentations. 


+ 
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CLEANING £0 
ynsPEcTION AND 
SCRATCHES REMOVED... 
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And don't forget PEERLESS TREATMENT for new, 


“green” prints to make them ready for hard usage. 


EERLESS & 


FILM PROCESSING CORPORATION 
165 WEST 46th STREET, NEW YORK 36, N. Y. 5 5 
959 SEWARD STREET, HOLLYWOOD 38, CALIF 


Get longer life from your prints! 


We. 
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employment 
service 


These notices are published for the service of the 
membership and the field. They ore inserted 
three months, at no charge to the member. The 
Society's address cannot be used for replies. 


animation 
problem? 
leading studios rely on OXBERRY 


equipment to save time, cut production costs 


Positions Wanted 


Film Buyer or Sales. Ten years experience in 
industrial films. Desire position in Italy. Resume 
on request. Write: Fred Forma, 8798 16th Ave- 
nue, Brooklyn 14, N. Y. 


Processing Lab Technician. Seven years with 
Kodak in Kodachrome processing stations, plus 
5 years prior work in stills. Now with small 
N.Y.C. lab doing quality control and technical 
service work. Experienced in chemical analysis, 
solution control, printing and duplicating B & W 
and color, Eastman Kodak and Ansco materials, 
including Eastman Kodak positive-negative 
color, maintenance, construction, production, 
planning. Charles J. Gudtner, Apt. 225, 611 
West 112 St., New York 25. 


OXBERRY STAND AND COMPOUND. Precision in 
animation controls with dramatic flexibility and maximum 
accuracy. Also may be made electrical with three motors 
controlling co-ordination of vertical, east-west and north- 
south relationships. Achieves “live action zooms,” utilizes 
multi-plane techniques for spectacular screen effects. 


NEW OXBERRY OPTICAL STEP PRINTER. COM- 
BINATION 35mm-l6mm PRINTER with only one projec- 
tion head and one camera. Contains four 1,000 ft. chambers 
on projection head. Optical precision for the special effects 
and projection printing requirements of all film makers. 
Produce accurate blow-ups, reductions, skip framings, 
push offs and traveling mats. Anamorphic lens and other 
processes adapted by special order. 


NEW OXBERRY COMBINATION 35mm-l6mm 
PROCESS CAMERA. Specifically designed for use with 
animation stands and optical printers. Automatic dissolve 
from 8 to 80 frames and many other innovations. 


ENGINEERED TO MEET EXACTING STANDARDS REQUIRED BY FILM PRODUCERS 
Prompt delivery assured on all items including registration devices, pegs, punches and other accessories. 


Write or phone today for catalog to 


th ANIMATION EQUIPMENT CORP. DEPT.S4, 38 Hudson Street, New Rochelle, N.Y., NEw Rochelle 6-8138 | 
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TV Operations Man. Knowledge of remotes. 
Free to travel. Desires position as studio techni- 
cian. Civilian and Armed Forces radio and TV 
trouble-shooting experience. Knowledge of film 
work lab. TV Workshop and Cambridge School 
graduate. Write: Philip R. Smith, 2914 Gerber 
Place, Bronx 65, N. Y. 


Cameraman—Director. Married, formerly in 
charge of motion-picture dept. of large metal 
producing company. Ten years experience in 
various phases of film, television and visual aids 
production. Desires position with organization in 
eastern U. S. Illustrative resume sent upon re- 
quest. Vitaly V. Uzoff, 611 West 141 St., New 
York 31. 


Audio-Visual Education. B.A. in Industrial 
Arts Education, formerly Instructor of Motion- 
Picture Photography, Signal Corps., U.S. Army. 
Experienced in motion-picture and still photog- 
raphy and TV programming. Background in 
electronics and high fidelity. Specialist in audio- 
visual methods and equipment. Complete resume 
upon request. William J. Ryan, Route 1, Sy 
Road, Niagara Falls, N.Y. 


Positions Available 


16mm Laboratory Technician to take over op- 
eration and responsibility of reversal processing 
laboratory. Must be capable of taking full charge; 
know emulsions and chemicals, and maintenance 
of Houston Model 22 machine; and capable of 
growing with expanding studio. Experience in 
printing both color and black and white desired. 
Write full resume, references and salary require- 
ments to Joseph Dephoure, Dephoure Studios, 
782 Commonwealth Ave., Boston 15, Mass. 


Motion Picture Assistant. Need young man, 
graduate college-level motion-picture production 
course, to assist in all phases production in indus- 
trial motion-picture unit. Send complete resume 
and references including salary requirement to 
Salaried Personnel Dept., Ford Motor Co., 3000 
Schaefer Rd., Dearborn, Mich. 


Film Inspectors. Permanent or summer posi, 
tions open. Telephone or write: Kern Moyse, 
Peerless Film Processing Corp., 165 W. 46 St.- 
New York 36. 


Cameraman: Duties primarily as 16mm camera- 
man with some work in sound and editing. Col- 
lege Production unit engaged in producing 16mm 
color and sound films of an educational nature. 
Entrance salary $4320/yr. Send resume of back- 
ground and experience to Norman E. C. Naill, 
Motion Picture Unit Manager, War Memorial 
Hall, Blacksburg, Va. 


Writer-Editor. Duties primarily as editor and 
secondarily as writer. Experience in other 
phases of motion-picture production helpful, but 
not necessary. College production unit engaged 
in producing 16mm color and sound films of an 
educational nature. Entrance salary $4320/yr. 
Send resume of background and experience to: 
Norman FE. C. Naill, Motion Picture Unit 
Manager, War Memorial Hall, Blacksburg, Va. 


Motion-Picture Unit Director. An unusual 
opportunity for man to organize and direct a 
motion-picture unit. He must have experience in 
animation, slide films and motion pictures. He 
must be familiar with all types of motion-picture 
equipment and sources and be able to guide 
others in the development and execution of 
industrial training films. Location: St. Louis, Mo. 
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Write, giving full history, with photo, and stating , 
salary required, to: ‘P.O. Box 754, Colorado | 
Springs, Colo. 


16mm Laboratory Technician for position as 
lab supervisor in a growing motion-picture 
laboratory. Must be thoroughly experienced 
in control and processing of 16mm films, both 
black-and-white and color. Salary and percent- | 
age to man who can qualify. Send resume, refer- | 
ences and approximate salary requirements to: 

Western Cine Service, Inc., 114 East Eighth Ave., 

Denver 3, Colo. 


CLASSIFIED ADVERTISING 
First three lines $5.00 
Each additional line $1.00 
per inch $13.00 


M.P. & TV ENGINEERS! 


If you want unvarying lumens you 
need CONSTANT LINE VOLTAGE! 
Here is a 


SOLA CONSTANT VOLTAGE 
TRANSFORMER! 


Feeds 115.0 V. + 1% to any BANK OF LIGHTS up 
to 2,000 watts—even if your line voltage varies 
from 95 to 125 V.! Model also works on your 220 V. 
power line which may vary from 190-250 V.—but 
secondary still puts out constant 115.0 V! NO 
MOVING PARTS. Nothing to adjust. It’s brand 
new surplus so you get it at less than 40°; of regular 
price! List of satisfied customers on request! 
Brand new in original wood box. 4 cu. ft. 


Ship. wt. 254 Ibs. F.0.B. Pasco, Wash. Only 
$97.50 


THE M. R. COMPANY 
P. O. Box 1220-F Beverly Hills, Calif. 


Journals Available and 
Wanted 


These notices are published as a service to ex- 
pedite disposal and acquisition of out-of-print ROUND-THE-CLOCK SERVICES 
Journals, Please write direct to the persons and 
addresses listed. j 


NEGATIVE DEVELOPING 


Available 


Sept., 1937; March, 1939; June, 1939; 
July—Dec. 1941; 1942 through 1953; 1954 


complete, with exception of Dec.; 1955 to FLASH PATCH PRINTING 


date. Available only as entire lot. Write " 
E. J. Mauthner, 310 Riverside Drive, New a : 16MM AND 35MM : 
York 25. RELEASE PRINTING 


KODACHROME PRINTING 
63 EDITING ROOMS 
SPECIAL TV SERVICES| 
For Color it’s 4 7 


Jan. 1930 through Dec. 1937 ; Journal SMPE 
issues; and Jan. 1930 through Dec. 1935, 
bound volumes of SMPE Journal; SMPE 
Transactions: Apr. 1919:8, May 1920:10; 
May 1922:13; Oct. 1922:15; May 1925: 
21; Oct. 1925:24; Apr. 1927:30; Sept. 
1927:32; Apr. 1928:33; Sept. 1928:36; 
SMPE Membership Listings: 1928, 1930, 
1938; SMPE Index and Authors: 1930- 
1935; SMPE Miscellaneous: ASA Z22— 
1930; Dim Stab of M.P. Films 1934; ASA 
Z22—1935; High Intensity Lamps—1935; 
Program Spring Convention Apr. 26, 1939. | 


Write John Faber, 5 Edgewater Drive, 
Denville, N. J. Phone Rockaway 9-2623M. MOVIELAB FILM LABORATORIES INC 


June 1940 through Jan. 1950. Write Earle 619 West 54th Street, New York 19, N. Y. JUdson 6-0360 


F. Orr, 345 Fellsway West, Medford, Mass. 
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Dec., 1936; Jan., Feb, Apr., May, July, 
Sept., Nov. 1937; 1938 complete; 1939 
complete; 1940 complete; Jan.-Aug. 1941. 
Write Richard S. Norton, Warner News 
Inc., 625 Madison Ave., New York 22. 


Collection of back issues available either 
singly or as a lot. Write F. H. Cole, 1258 
So. Burnside Ave., Los Angeles 19 


Complete set of Transactions and Journals 
1916 to date; 61 beautifully 
bound in black library buckram with gold- 


1952; 


volumes 
stamped backs through all subse- 
quent issues ready for binding to match; for 
sales as a set only. Also for sale individu- 
ally: Jan.-June 1932; Aug. 1938; Feb., 
Mar., May-Oct., Dec. 1941; Jan.—Dec. 
1942; Jan., Mar.-Dec. 1943; Jan.—July, 
Dec. 1944; Jan.—Mar. 1945; Apr. 1946; 
Mar. Pt. I 1949; Sept. 1950; Index 1936- 
1945, 1946-1950; Membership Direc- 
tories 1952, 1954. Write: Henry M. Lester, 
101 Park Ave., New York 17. 


Complete set of Journals 1938 through 
1955, including High-Speed Photography 
volumes. Also July—Dec. 1936, Jan.—-May 
1937, Sept.-Dec. 1937. Entire lot $125, 
postage paid in U.S. Write: Gordon E. 
Holland, 122 Grosvenor Rd., Needham, 
Mass. 


Complete set of Journals published pre- 
vious to and including Dec. 1952, also 
Transactions. Write: Mort Lesser, Lesser 
Studio, 112 Grange Ave., Toronto, Ont., 
Canada. 


July-Dec. 1952, Jan.—Nov. 
Apr., June-July, Sept.-Dec. 1954, Jan. 
Mar. 1955. Write: Omar Marcus, Vision 
Films Inc., 520 Royal St.. New Orleans 16, 
La 


Dec. 1946, Feb.-Dec. 1947, 1948-1955 
complete. All copies in perfect condition; 


1953, Jan.- 


for sale as entire lot only. Write: Joseph W. 
MacDonald, 2414 Sullivant Ave., Colum- 
bus 4, Ohio 


Wanted 


All Journals published in 1938 or earlier. 
Write John P. Byrne, Motion Picture 
Sensitometrics, Signal Corps Pictorial Cen- 
ter, 41-15 48 St., Long Island City 4, N. Y. 
May, July 1944; Jan, Apr. 1945; Jan., 
Feb. 1946; Jan., Feb., Apr. 1947; Feb. 
1950. Write Kraus Periodicals, Inc., 16 
East 46th Street, New York 17. 
High-Speed Photography, Volumes 2 and 
3. Write William T. Mills, University of 
North Carolina, Dept. of Agriculture & 
Engineering, Raleigh, N.C. 

Complete set of Transactions. Write John 
Flory, Eastman Kodak Co., 343 State St., 
Rochester 4, N. Y. 

High-Speed Photography, Volumes 1, 2 
and 3. Write Jack Gershon, Armour Re- 
search Foundation, Technology Center, 
Chicago 16. 

Transactions Nos. 6 and 9. Write W. W. 
Hennessy, 503 West 41 St., New York. 
Transactions Nos. 1, 5, 6, 7 and 9. Write 
Lloyd E. Varden, Pavelle Color Inc., 533 
West 57 St., New York 19. 


High-Speed Photography, Volume 2. Write 
J. H. Waddell, Fairchild Camera & In- 
strument Corp., 88-06 Van Wyck Express- 
way, Jamaica 1, N. Y. 
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Professional Services 


REVERSAL FILM CHEMICALS 
for FILM and TV LABORATORIES 


ATKINSON LABORATORY 
7070 Santa Monica Blvd. 
Hollywood 38, California 


PHOTOGRAPHIC 
INSTRUMENTATION 
Spectalizing in 

GH-SPEED 
Motion-Picture Photography 
Photographic Analysis Company 
100 Rock Hill Rd., Clifton, N. J. 
Phone: Prescott 8-6436 


MITCHELL CAMERAS 
16mm—35mm—70mm and accessories 
for all applications 
Studios —Industry—Science— Research 
CHARLES AUSTIN 
Technical Representative 
127 W. 50th St., New York 19, N. Y. PL 7-6812 


PROFESSIONAL MOTION PICTURE | 
PRODUCTION EQUIPMENT 


Cameras, Sound Recording, Editing, 
Laboratory and Affiliated Equip. 
Consulting Services by Qualified Engineers 
Demestic and Foreign 
REEVES EQUIPMENT CORP. 

10 E. 52nd St., NYC 
Cable: REEVESQUIP 


CIRCLE 
FILM LABORATORIES 


Rapid Efficient Service 
CO 5-2180 
33 West 60th St., New York 21, N.Y. 


WILLIAM B. SNOW 
Consulting Engineer 
Acoustics—Electronics 
Stereophonic Recording 
1011 Georgina Avenue 
Santa Monica, California 
EXbrook 4-8345 


ELLIS W. D’ARCY & ASSOCIATES 


Cc, 


g and Develop t Engi 

Xenon-Arc Applications 

Motion-Picture Projection 
Magnetic Recording and Reproduction 


Box 1103, Ogden Dunes, Gary, Ind. 
Phone: Ogden Dunes 2451 


FILM PRODUCTION EQUIP. 


The world’s largest source of supply for prac- 

tically every n for producing, processing, 

recording and editing motion picture films. 
Domestic and Foreign 


S.0.S. CINEMA SUPPLY CORP. 
Dept. TE, 602 W. 52St., N.Y.C.-Cable: SOSOUND 
Western Branch: 6331 Holly'd Blvd., Holly’d, Cal. 


FISCHER PHOTOGRAPHIC 
LABORATORY, INC. 


MErrimac 7-5316 
1731 N. Mobile Ave., Chicago 39 


FILM PRODUCTION EQUIPMENT 
RENTALS SALES SERVICE 
Cameras, Projectors, Recorders 
Lighting, Editing, Lab. Equipment 
Our Overseas Dept. Equipped for Fast 
Foreign Delivery 
Free Catalogs Available 
FLORMAN & BABB 
68 West 45th Street New York 36, New York 
Cable: FLORBABB, New York. MU 2-2928 


VIDEO FILM LABORATORIES 
Complete Laboratory 16MM Service for 
Producers Using Reversal Process 
Also 16MM Negative and Positive Developing 
Write for Price List 
Video Film Labs are now located at 
350 W. 50th St., New York 19. JUdson 6-7196 


ROCKY MOUNTAIN HEADQUARTERS 
For 161am Film Services 
Processing—Printing—Recording 
Editing—Production—Rental—Sales 
DuPont, Eastman and Fastax films in stock 
Write for Price List 
WESTERN CINE SERVICE, INC. 
114 E. 8th Ave., Denver 3, Colo. TAbor 5-2812 


16MM REVERSAL PROCESSING 


ROUND-THE-CLOCK HI-SPEED 
SERVICE ON TRI-x, DUPONT 930 & 931 
Over four million feet of film successfully proc- 
essed for TV, School and industry. Rate only 
3¢ per foot 


WE CONVERT AURICON CINE-VOICE 
TO 400 FOOT MAGAZINE OPERATION 


HAROLDS PHOTO & TV—Sioux Falls, S. Dak. 


Professional cards available 
to members 
12 insertions, 2 x1 in., $60 
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an answer 


for every recording job—every budget 


in the complete Magnasync line 


from 
$895.00 
to $1,796.00 


model 
X-400-E-1 (16mm) 


models 
602-E-5 (16mm) 

702-A-5 (1714mm) 
135-A-5 (35mm) 


16mm, 1714mm, 35mm — SINGLE CHANNEL — STEREOPHONIC — 
PORTABLE — STUDIO RACK MOUNT — SYNCHRONOUS or SELSYN MOTORS 


Write for your catalog today !—Specifications unconditionally guaranteed ! 


INTERNATIONAL LEADERS IN THE DESIGN AND MANUFACTURE OF QUALITY MAGNETIC FILM RECORDING DEVICES 


REPRODUCERS 


MAGNASYNC MANUFACTURING CO., Ltd., 5546 Satsuma Ave., North Hollywood 2, California 


DEALERS 

SOUND SYSTEM 
= ae NEW YORK—Camera Equipment Co., 1600 Broadway, SAN FRANCISCO — Brooks Camera Co., 45 Kearney St., 
“ ea New York 19. JUdson 6-1420. Cable Address CINEQUIP. San Francisco, Calif. EXbrook 2-7348. 


CHICAGO — Zenith Cinema Service, Inc., 3252 Foster CANADA —Alex L. Clark, Ltd., 3745 Bloor St., foronto 
Ave., Chicago 25, Ill. iRving 8-2104. 18, Ontario. BElmont 1-3303. 
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For information and price 


list, write, phone or wire 


byron 


byron 
color-correct* 


negative-positive 


color process 


using EK 35mm and 16mm negative 


for 16mm release 


Laboratory 1226 Wisconsin Ave., N.W., Washington 7, D.C. DUpont 7-1800 


THE NATION'S DISCRIMINATING 16MM FILM PRODUCERS ARE CLIENTS OF BYRON 
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News Columns 


40-Year Society Index ... . 
How to Get Copies of “Old” Articles From the 


Third International Symposium on High- -Speed 
Education, Industry News . . 
Photokina, 2d International Photographic Expo- 
sition, National Association of TV Film Direc- 
tors Survey, Report from the Association of 
Cinema Laboratories by Neal Keehn 


Advertisers 


Animation Equipment Corp. 


Section Meeting Reports. . . . 


BOOKS REVIEWED 234 
Color in Motion Pictures and Television, by Lyne 
S. Trimble, reviewed by Charles H. Evans; 
Color Television Standards, by Donald G. Fink, 
reviewed by G. R. Tingley 


Journals Available and Wanted ....... 243 


Magnasync Mig. lid... . 
Movielab Film Laboratories, Inc. . . .... . 243 


Peerless Film Processing Corp. . . ...... 241 
Precision Film Laboratories, Inc. ....... 234 


Meeting Calendar 


ASME-Engineering Institute of Canada Joint Meeting, May 23-25, 

1956, Mount Royal Hotel, Montreal. 

National Audio-Visual Convention, July 20-25, 1956, Hotel Sherman, 
Chicago. 

Western Electronic Show and Convention, Aug. 21-24, Pan-Pacific 
Auditorium and Ambassador Hotel, Los Angeles. 

Biological Photographic Association, Aug. 27-31, Powers Hotel, Roch- 
ester, N. Y. 

High-Speed Photography, Third International Congress, including 
exhibit of high-speed photographic and cinematographic equipment 
and instrument aids; sponsored by Britain’s Dept. of Scientific and 
Industrial Research, Sept. 10-15, 1956, London. 

American Society of Mechanical Engineers, Sept. 10-12, 1956, Denver. 

Theater Owners of America, Inc., Annual Convention, Sept. 19-25, 
1956, Coliseum, New York. 

National Association of Educational Broadcasters, Oct. 1956, Atlanta. 

National Electronics Conference, Inc., 

1-3, 1956, Hotel Sherman, Chicago. 


SMPTE Officers and Committees: 


12th Annual Conference, Oct. 


80th Semiannual Convention of the SMPTE, including Equipment 
Exhibit, Oct. 7-12, 1956, Ambassador Hotel, Los Angeles. 

Ninth Annual Conference on Electrical Techniques in Medicine and 
Biology, Nov. 7-9, Governor Clinton Hotel, New York. 

81st Semiannual Convention of the SMPTE, Apr. 28-May 3, 1957, 
Shoreham Hotel, Washington, D.C. 

82nd Semiannual Convention of the SMPTE, including Equipment 
Exhibit, Oct. 6-11, 1957, Hotel Statler, New York. 

83rd Semiannual Convention of the SMPTE, April 20-26, 1958, 
Ambassador Hotel, Los Angeles. 

84th Semiannual Convention of the SMPTE, Oct. 19-24, 1958 
Sheraton-Cadillac, Detroit. 

85th Semiannual Convention of the SMPTE, May 3-8, 1959, Fon- 
tainebleau, Miami Beach. 

86th Semiannual Convention of the SMPTE, including Equipment 

Exhibit, Oct. 5-10, 1959, Hotel Statler, New York. 


The rosters of the Officers of the Society, its Sections, 
Subsections and Chapters, and of the Committee Chairmen and Members are published in the April 1955 Journal. 
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sustaining of the Society 


of Motion Picture 


ryi Db and Television Engineers 


Acme Film Laboratories, Inc. Lorraine Carbons 

Alexander Film Co. Mgior Film Laboratories Corporation 

Altec Companies J. A. Maurer, Inc. 

Ansco Mecca Film Laboratories, Inc. 

C. S. Ashcraft Mfg. Co. Mitchell Camera Corporation 

Audio Productions, Inc. Mole-Richardson Co. 

The Ballantyne Company Motiograph, Inc. 

Bausch & Lomb Optical Co. Motion Picture Association of America, Inc. 

Bell & Howell Company Allied Artists Productions, Inc. 

Berndt-Bach, Inc. Columbia Pictures Corporation 

Bijou Amusement Company Loew’s Inc. 

Buensod-Stacey, Inc. Paramount Pictures Corporation 
Burnett-Timken Research Laboratory Republic Pictures Corp. 

Byron, Inc. RKO Radio Pictures, Inc. 

CBS Television Twentieth Century-Fox Film Corp. 

The Calvin Company Universal Pictures Company, Inc. 

Capital Film Laboratories, Inc. Warner Bros. Pictures, Inc. 

Oscar F. Carlson Company Motion Picture Printing Equipment Co. 

Century Projector Corporation Movielab Film Laboratories, Inc. 

Cineffects, Inc. ; National Carbon Company 

Cinema Engineering Company A Division of Union Carbide and Carbon 
Cinema-Tirage L. Maurice Corporation 

Cine Products Supply Corporation 
Geo. W. Colburn Laboratory, Inc. 
Consolidated Film Industries 


National Cine Equipment, Inc. 
National Screen Service Corporation 
National Theaters Amusement Co., Inc. 
DeLuxe Laboratories, Inc. Neighborhood Theatre Inc 

Dominion Sound Equipments Limited Com 

Du Art Laboratories, Inc. Northwest Sound Service, Inc. 

E. 1. du Pont de Nemours & Co., Inc. Panavision Incorporated 

Eastman Kodak Company Pathe Laboratories, Inc. 

Elgeet Optical Company, Inc. Polaroid Corporation 

Max Factor & Co. Producers Service Co. 

Federal Manufacturing and Engineering Corp. Projection Optics Co., Inc 

Fordel Films, Inc. Radiant Manufacturing Corporation 


Reid H. Ray Film Industries, Inc. 


General Precision Equipment Corp. Raytone Screen Corp 


Ampro Corporation Reeves Sound Studios, Inc. 
Askania Regulator Company $.0.S. Cinema Supply Corp. 
General Precision Laboratory Incorporated SRT Television Studios 
The Hertner Electric Company y Shelly Films Limited (Canada) 
Internationc! Projector Corporation The Stancil-Hoffman Corporation 
J. E. McAuley Mfg. Co. Technicclor Motion Picture Corporation 
National Theatre Supply Terrytoons, Inc. 
The Strong Electric Company Titra Film Laboratories, Inc. 
W. J. German, Inc. United Amusement Corporation, Limited 
Guffanti Film Laboratories, Inc. United Artists Corporation 
Hollywood Film Company Alexander F. Victor Enterprises, Inc. 
Houston Fearless Wenzel Projector Company 
Hunt's Theatres Westinghouse Electric Corporation 
Hurley Screen Company, Inc. Westrex Corporation 
The Jam Handy Organization, Inc. Wilding Picture Productions, Inc. 
Kollmorgen Optical Corporation Wollensak Optical Company 
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